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Summary  of  Program 

Laboratory  and  Clinical  Research,  NIAID 

October  1,  1987  -  September  30,  1988 

The  NIAID  Intramural  Research  Program  (IRP)  consists  of  13  laboratories,  a  Biological  Resources 
Branch,  Administrative  Management  Branch  and  Animal  Care  Branch.  Three  laboratories  are 
located  in  Hamilton,  Montana  at  the  Rocky  Mountain  Laboratories.  The  remaining  facilities  are 
concentrated  at  the  NIH  Bethesda  Campus  with  auxiliary  facilities  at  Frederick  (Ft.  Detrick)  and 
Rockville,  MD.  The  Office  of  the  Director,  IRP,  (also  called  Scientific  Director)  is  responsible 
for  the  management  of  the  entire  Intramural  Program.  In  FY' 88  the  NIAID  IRP  had  an 
allocation  of  $77,604,000;  about  31%  of  the  budget  for  salaries,  24%  for  the  NIH  management 
fund  and  the  remainder  for  laboratory  expenses,  costs  of  laboratory  support  contracts  and  travel 
support.  In  FY'88  there  were  768  persons  working  within  the  NIAID  IRP  with  86  tenured 
scientists,  167  nontenured  scientists,  179  guest  workers  and  336  nonscientists. 

This  past  year  several  significant  changes  occurred  within  the  NIAID  IRP.  The  Laboratory  of 
Microbial  Immunity  was  closed.  Dr.  Claude  Garon  was  appointed  Chief  of  the  Laboratory  of 
Pathobiology  at  the  Rocky  Mountain  Laboratories.  In  FY'88  NIAID  acquired  new  facilities  as 
part  of  the  expansion  of  the  IRP  AIDS  program.  A  building  was  renovated  in  Frederick,  MD  to 
house  contract  support  of  the  IRP  AIDS  program  and  25,000  sq.  ft.  of  new  laboratory  space  was 
added  to  our  AIDS  facility  in  Rockville,  MD.  In  September,  1988  NIAID  moved  from  Building  5 
on  the  Bethesda  campus  to  a  freshly  renovated  building  (building  4).  In  order  to  facilitate 
interaction  among  NIAID  IRP  scientists  located  in  widely  dispersed  geographic  regions,  a  local 
area  network  linking  all  laboratories  was  developed  and  should  be  fully  operationad  by  the  end 
of  1988. 

Numerous  accomplishments  were  made  by  NIAID  IRP  scientists  this  past  year.  In  the  area  of 
AIDS  research  important  animal  models  were  developed  using  transgenic  mice  and  rabbits.  In 
addition,  studies  of  simian  and  feline  immunodeficiency  viruses  were  initiated  as  models  of  the 
human  immunodeficiency  virus  (HIV).  In  other  studies  of  AIDS  human  monocytes  were  shown  to 
be  a  reservoir  for  HIV,  an  immunoassay  to  detect  HIV  in  as  few  as  one  in  a  million  infected 
cells  was  developed,  partial  reconstitution  of  the  immunologic  defects  in  certain  AIDS  patients 
was  accomplished  by  bone  marrow  transplantation,  the  first  vaccine  trial  for  HIV  using  a 
recombinant  GP160  protein  was  initiated,  a  high  rate  of  HIV  among  patients  attending  a  sexually 
transmitted  disease  clinic  in  Baltimore,  MD  was  demonstrated,  the  binding  site  of  HIV  to  cells 
was  shown  to  be  the  CD4  receptor,  and  a  chimeric  protein  containing  CD4  and  active  portions 
of  pseudomonas  exotoxin  was  shown  to  kill  cells  infected  with  HIV. 

Over  two-thirds  of  the  NIAID  IRP  research  effort  was  directed  at  nonAIDS  activities.  In  the 
area  of  vaccine  development  there  were  numerous  important  advances.  These  included  increasing 
the  safety  of  live  recombinant  vaccinia  virus  vaccines  originally  developed  by  NIAID  IRP 
investigators,  the  successful  immunization  of  mice  with  a  vaccinia-dengue  or  baculovirus-dengue 
recombinant  viruses,  the  isolation  of  hepatitis  A  from  humans  and  the  successful  immunization  of 
chimpanzees  using  an  attenuated  virus,  completion  of  field  trials  evaluating  a  rotavirus  vaccine 
and  demonstration  of  a  need  for  protection  against  four  virus  strains  resulted  in  making 
reassortment  (hybrid)  viruses  which  are  now  in  clinical  trials.  A  respiratory  syncytial  virus 
(RSV)-vaccinia  recombinant  expressing  the  attachment  and  fusion  protein  of  RSV  has  been  made 
and  shown  to  protect  monkeys  against  infection.  In  other  studies  the  immunogenic  region  of 
Chlamydia  trachomatis  major  outer  membrane  has  been  identified,  cloned  and  inserted  into 
salmonella  and  polio  vectors  which  will  be  tested  as  potential  vaccines,  the  protein  that  is  the 
target  of  a  passively-protective  antibody  against  Rickettsia  rickettsii  has  been  cloned  and  is 
under  evaluation  as  a  vaccine,  and  efforts  to  develop  a  malaria  vaccine  resulted  in  cloning  the 
gene  for  one  of  the  antigens  important  in  the  sexual  stages  of  parasite  development.  As  part  of 
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MAID'S  cffon  to  develop  a  "clean "  vaccine  against  Bordetelln  pertussis  the  gene  encoding  the 
protective  toxin  has  been  altered  to  produce  a  molecule  with  no  biologic  activity  but  with 
immunogenic  capability. 

Investigation  of  basic  and  clinical  immunology  has  led  to  early  studies  of  immune  modulation  in 
patients  with  immune  deficiencies.  Defective  hydrogen  peroxide  production  by  phagocytes  of 
patients  with  chronic  granulomatous  disease  of  childhood  has  been  corrected  in  vjp-Q  and  in  vJvQ 
with  inten'eron-gamma  and  clinical  trials  will  begin  shonly.  MAID  IRP  investigators 
demonstrated  that  production  of  IgE  antibodies  imponant  in  allergies  are  controlled  by 
interleukin-4  and  by  interferon-gamma.  Important  immunoregulatory  functions  have  been 
attributed  to  tumor  necrosis  factor-alpha.  In  other  studies  imponant  functional  abnormalities  of 
high  molecular  weight  B  cell  growth  factor  receptor  in  patients  with  common  variable 
immunodeficiencv  have  been  defined.  Many  other  outstanding  accomplishments  by  MAID  IRP 
investigators  in  FY '88  in  the  host  defenses  and  allergic  diseases  have  been  made  and  are 
presented  in  the  annual  repon  from  each  laboratory. 

Equal  Employment  Opponunity  and  Affirmative  Action  Programs  have  been  given  a  high  level  of 
attention.  Our  annual  Introduction  to  Biomedical  Research  Program  for  College  Minonty 
Students  from  across  the  nation  was  held  in  February.  This  year  we  had  an  active  summer 
program  for  high  school,  college  and  medical  students  with  45  students  working  in  MAID 
laboratories;  49%  of  students  in  the  summer  program  were  minorities. 

December  7-9,  1987  the  NIAID  Board  of  Scientific  Counselors,  under  the  leadership  of  Dr.  Robert 
B.  Couch,  reviewed  the  Laboratory  of  Infectious  Diseases  (Dr.  Roben  Chanock,  Laboratory 
Chief),  and  the  Depanment  of  Transfusion  Medicine,  Clinical  Center,  MH  (Dr.  Harvey  Alter, 
Head).  .May  23-25,  1988  the  Board  of  Scientific  Counselors  reviewed  the  Laboratory  of  Parasitic 
Diseases  (Dr.  Franklin  Neva,  Laboratory  Chief),  and  the  Hospital  Epidemiology  Service,  Office  of 
the  Director,  Clinical  Center,  MH  (Dr.  David  Henderson,  Chief).  Each  of  these  laboratories 
received  laudatory  reviews.  This  year  Drs.  Priscilla  Schaffer  and  Stanley  Falkow  completed  their 
terms  on  the  Board  and  Drs.  Zanvil  Cohn  and  Rochelle  Hirschhom  joined  the  Board. 
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DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  -  PUBLIC  HEALTH  SERVICE 
NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  AI  00417-05  OSp 


PERIOD  COVERED 

October  1,  1987  to  September  30,  1988 


TITLE  OF  PROJECT  (80  characters  or  less.  Title  must  tit  on  one  line  between  the  borders.) 

Systematics  and  Vector  Relationships  of  Ticks  (Ixodoidea) 


PRINCIPAL  INVESTIGATOR  (List  other  professional  personnel  below  the  Principal  Investigator )  (Name,  title,  laboratory,  and  institute  affiliation) 


PI: 
OTHERS : 


James  E.  Keirans 
Richard  G.  Robbins 


Research  Entomologist   OSD,  NIAID 
Museum  Specialist       OSD,  NIAID 


COOPERATING  UNITS  frfanyj  Dr.  c.E.  Yunker ,  Heartwater  Project,  Harare,  Zimbabwe; 
Drs.  D.  Sonenshine  and  P.  Homsher,  Old  Dominion  University;  Dr.  J.  B 
Walker,  Onderstepoort ,  R.S.A.;  Dr.  R.G.  Endris,  Plum  Island  Animal 
Disease  Laboratory,  USDA. 


LAB/BRANCH 

Office  of  the  Director  of  Intramural  Research 


SECTION 

Entomology  Department,  Museum  Support  Center.  Smithsonian,  Wash.,  D.C 


INSTITUTE  AND  LOCATION 

NIAID,  NIH,  Bethesda,  Maryland  20892 


TOTAL  MAN-YEARS; 
2.0 


PROFESSIONAL: 
1.0 


OTHER: 
1.0 


CHECK  APPROPRIATE  BOX(ES) 

n  (a)  Human  subjects 
D   (a1)  Minors 
n   (a2)  Interviews 


n  (b)  Human  tissues  H  (c)  Neither 


SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 


The  activities  of  this  research  project  currently  comprise 
three  main  functions:  (1)  Identification  of  ticks  received 
from  various  individuals,  universities  and  governmental 
agencies  throughout  the  world.   This  is  the  only  laboratory  in 
the  world  capable  of  performing  this  function;  (2)  Systematic 
investigations  of  the  Ixodoidea  including  taxonomy, 
classification,  and  life  histories;  and  (3)  entry,  retrieval 
and  manipulation  of  our  tick  data  base  on  the  Smithsonian 
computer  system  to  provide  researchers  with  the  latest  updated 
information  on  any  tick  species. 


PHS'6040  (Rev.  1/84) 
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PBOJ6CT  NUMB6« 


OePARTMENT  OF  mEALTM  AND  HUMAN  SERVICES  •  PUBLIC  HEALTH  SERVICE  ^01     AI    00182-10    OSD 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


ofniOO  COV£P€0 

October  1.  1987  co  Sepcember  30.  1988 

'  TiTve  Of  <»«»OjECT  K  cfvcnn  or  ««    ''•m  'nusi  W  on  on»  to*  MlWMfl  («•  Ooroan  i 

Biochemical  S  Jeneclc  Mechanisms  of  Obligace  Incracellular  Parasicism 

P*NClP»».  INVESTIGATOR  .USI  a<n»r  oml—aivtm  pmiatnai  o*«ow  mm  PnncJO*  invmtngtlor )  iNtrrf   nil:  iiOOfloiy    »na  nsiituf  iffiMOOo; 

J.  C.  Williams,  Ph.D.,  Sr.  Sciendsc,  NIAID/OSD,  Chief,  Rickettsial  Diseases 

Uboratory,  USAMRIID 
T.  A.  Hoover,  Ph.D.,  National  Research  Council  Felllow 
N.  Bhatnagar,  Ph.D.,  National  Research  Council  Fellow. 
H.  A.  Thompson,  Ph.D.  Visiting  Scientist  and  Associate  Professor,  Dept.  Microbiol 

and  Immunol,  West  Virginia  University  Medical  Center,  Morgantown,  WV 
S-Y.  Chen,  M.S.,  Pre-doctoral  candidate 


COC^RATING  UNITS  .<  *nyl 

M.  H.  Vodkin,  Ph.D.,  University  of  Illinois,  Urbanna,  IL 


LA  a/ BRANCH 

Office  of  the  Director  of  Intramural  Research  Program,  NIAID,  Bethesda,  .MD 


INSTITUTE  *N0  LOCATION 

MIAID,  NIH,  Bethesda,  MD  and  Bldg.  550,  Ft.  Detrick,  Frederick,  MD  21701 


TOT*l   »iAN.YEA«S  I  PROFESSIONAL 

A. 5  I       3.5 


OTHER 
1.0 


CHECK  APOOOPniATE  SOX(ES) 

C  (a)  Human  suDiects            C   (b)   Human  tissues           S   (c)  Neither 
C   (al)  Minors 
!Z   (a2)  Interviews 

SUMMARY  OF  ^ORK    Us*  tt*naam  unrmauetl  fyp«.  Oo  noi  aicMO  tn»  sotct  orovicmct  : 

The  ODject^ives  of  this  project  were  the  characterization  of  two  recently 
cloned  genes  and  the  expression  of  a  previously  cloned  gene  under  the  control 
of  a  heat  shock  promoter  (hsp)  from  Coxiella  burnetii.   A.  Gene  cloning. 
Genomic  DNA  potentially  encoding  aspartate  transcarbamoylase  (ATCase,  pyrB) 
was  cloned  into  the  plasmid  pEMBLS-*-.   A  7  kb  fragment  was  selected  for  its 
ability  to  complement  a  pvrB~E.  coll  auxotroph.   The  putative  C.  burnetii  pyrB 
gene  was  shown  to  express  an  active  ATCase  using  ceil-free  extracts  of  the 
recombinant  E.  coli .   DNA  sequence  analysis  of  a  2.2  kb  subclone  revealed  a 
product  of  approximate  size  and  composition  in  common  with  the  pyrB  gene  of  E. 
coli .   B.  Surface  antigen.   The  product  of  a  2.5  kb  fragment  from  the  same 
EcoRI  genomic  library  was  selected  by  monoclonal  antibodies  raised  against  a 
29.5  kd  immunodominant  surface  protein.   DNA  sequence  analysis  revealed  an 
open  reading  frame  encoding  a  30  kd  lipoprotein.   The  amino  acid  composition 
of  the  purified  29-5  kd  surface  protein  conflicts  with  the  deduced  amino  acid 
composition  of  the  cloned  lipoprotein  gene  product  detected  by  monoclonal 
antibodies.   C .  HSP .   A  recently  cloned  operon,  htpAB,  under  the  control  of  an 
hsp  from  C.  burnetii  expressed  62  and  1U  kd  gene  products  at  U2''C  in  the 
recomolnant  E.  coil .   A  similar  study  in  C.  burnetii  indicated  that  both  of 
these  and  at  least  5  more  genes  were  maximally  expressed  at  42°C.   In  addition 
a  cold-shock  gene  product  was  only  expressed  at  23''C.   D.  Significance.   The 
C.  burnetii  pyrB  gene  resembles  structurally  the  gene  of  E.  coli ,  but  appears 
to  be  regulated  differently.   An  immunodominant  29.5  kd  surface  protein  may 
share  a  common  epitope  with  other  similarly  sized  lipoproteins.   The  induction 
of  gene  expression  during  stress  responses  under  the  control  of  hsp  may 
contribute  to  the  survival  of  C.  burnetii  in  the  phagolysosome. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

The  objectives  of  this  project  were  the  characterization  of  immunogenic 
and  pathogenic  fractions  of  Coxiella  burnetii  based  on  humoral  and  cellular 
mechanisms  of  immunity.  A.  Lipopolysaccharide  (LPS)  vaccine.   In  A/J  mice  the 
phase  I  LPS  was  nontoxic  at  a  dose  of  100  ug  and  it  stimulated  significant 
antibody  titers  and  lymphocyte  responses  against  LPS,  phase  I  and  II  cells.   A 
single  injection  of  2.5  ug  gave  complete  protection  against  virulent  aerosol 
challenge  without  a  detectable  pre-challenge  immune  response.  Western  blot 
analysis  of  the  antibody  activity  indicated  that  peptides  which  co-purified 
with  the  LPS  induced  anti-protein  reactions.  B.  Biological -response 
modification  (BRM).  Both  phase  I  whole  cells  and  CMR  are  effective  inducers 
of  tumor  necrosis  factor  and  interferon.   Immunization  of  C57BL/10  J  mice  with 
phase  I  whole  cells  induced  time  and  dose  dependent  immunosuppression  without 
simultaneous  increases  in  T  suppressor  cells  in  the  spleen,  but  with  the 
appearance  of  a  new  population  of  immunoglobulin  bearing  thymocytes. 
C.  Antigenic  shift.  Morphologic  variants  of  the  C.  burnetii  developmental 
cycle  undergo  stage  specific  antigenic  changes  of  their  cell  surface  detected 
by  immunogold  and  monoclonal  antibody  labels.  The  endospore  was  not 
recognized  by  the  immune  response.  E.  Significance.  The  phase  I  LPS  may  be 
an  effective  vaccine  performing  both  as  an  adjuvant  and  peptide  carrier.  The 
BRM  of  the  humoral  and  cellular  immune  responses  by  several  fractions  enhances 
specific  and  non-specific  immunity.  Stage  specific  antigenic  changes  of 
morphologic  variant  surfaces  may  be  a  mechanism  of  evading  the  immune  response 
and  may  lead  to  the  development  of  chronic  infections  and  reactivation  of  Q 
fever. 
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Summary 


Much  of  the  current  research  in  the  understanding  and  treatment  of 
allergies  and  infectious  diseases  requires  the  use  of  laboratory  animals.   The 
care  and  treatment  of  these  animals  can  have  a  profound  affect  on  the  results 
of  experimental  procedures.   An  animal's  environmental  conditions,  its  daily 
care,  the  presence  or  absence  of  disease-causing  microorganisms,  the  amount  of 
pain  or  distress  that  results  from  experimental  manipulations  all  may  affect 
the  validity  of  research  data.   The  NIAID  intramural  scientists  today  are  very 
sensitive  to  these  factors  and  their  ethical  responsibility  for  ensuring  that 
animals  used  in  research  receive  high  quality  animal  care.   All  NIAID 
scientists  conducting  research  that  involves  animals  are  required  to  attend  the 
NIH  course  on  "Using  Animals  in  Intramural  Research:  Guidelines  for 
Investigators."   This  course  offers  not  only  a  broad  perspective  on  current 
animal  issues  but  also  provides  specific  information  on  actual  techniques  and 
procedures . 

It  is  the  responsibility  of  the  NIAID  Animal  Care  Branch  to  provide 
the  daily  care  to  all  animals  maintained  within  the  NIAID  animal  facilities,  to 
oversee  NIAID' s  intramural  contracts  involving  animals,  and  to  assist  NIAID 
scientists  with  animal-related  problems.   The  NIAID  maintains  four  animal 
facilities  at  the  NIH  campus  in  Bethesda,  Maryland,  two  animal  facilities  at 
the  Frederick  Cancer  Research  Facility  in  Frederick,  Maryland,  and  four  animal 
facilities  at  its  Rocky  Mountain  Laboratories  at  Hamilton,  Montana. 
Approximately  54,000  square  feet  of  space  (22,000  sq.  ft.  at  the  NIH  in 
Bethesda,  MD;  2,500  sq.  ft.  at  the  FCRF  in  Frederick,  MD;  and  29,000  sq.  ft.  at 
the  RML  in  Hamilton,  MT) ,  excluding  pasture  land,  are  devoted  to  the  NIAID 
Animal  Care  Program. 

The  NIAID' s  Animal  Care  Branch  provides  guidance  to  the  Institute's 
intramural  scientists  requiring  animals  in  their  research  projects.   This 
guidance  includes  assistance  in  the  selection  and  proper  administration  of 
anesthetics  and  analgesics,  the  purchase  of  animals,  the  diagnosis,  treatment, 
and  control  of  infectious  agents,  and  the  performance  of  various  technical 
procedures  in  laboratory  animals .   The  Branch  operates  one  of  the  only 
containment  facilities  in  the  country  for  infectious  disease  studies  involving 
animals.   This  fully-accredited  animal  facility  is  located  in 
Frederick,  Maryland,  and  can  maintain  animals  on  studies  requiring  Biosafety 
Level  3  and/or  4  safeguards.   It  is  available  to  any  scientist  with  an  approved 
protocol  that  requires  maximum  isolation  for  work  with  an  infectious  agent. 
The  Branch  maintains  production  colonies  of  over  sixty  different  strains  of 
mice,  hamsters,  cotton  rats,  and  rabbits  for  NIAID  investigators  within  its  or 
contracts'  animal  facilities.   Many  of  these  animals  are  unavailable  anywhere 
else  in  the  world  or  are  available  only  after  long  delays. 
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The  NIAID  Intramural  Research  Program  is  fully  committed  tc  Tieeting 
all  Federal  rules  and  regulations  pertaining  to  the  use  of  animals  in 
biomedical  research.   In  December,  1987,  the  NIAID' s  Animal  Care  Branch 
relocated  all  the  animals  maintained  in  its  central  animal  holding  facility  in 
Building  7  so  chat  this  facility  could  be  brought  into  full  compliance  with 
Federal  construction  guidelines  for  animal  facilities  and  be  enlargec  -o 
provide  quarantine  and  isolation  facilities,  laboratory  space  for  ani.-al 
procedures,  additional  animal  holding  space,  and  space  for  the  storage  of 
supplies  and  equipment.   This  project  is  scheduled  to  be  completed  ir. 
September,  1987. 

In  addition,  the  NIAID  is  constructing  a  new  primate  and  rodent 
facility  in  Building  4  that  will  be  completed  in  the  fall  of  1988.   This 
facility  will  also  fully  meet  the  construction  guidelines  mandated  by  the 
Public  Health  Service  policy  on  the  Humane  Care  and  Use  of  Laboratory  i^nimals 
and  will  provide  procedure  space,  separate  from  the  animal  rooms,  in   hich 
investigators  can  perform  experimental  manipulations  on  animals. 

A  major  goal  of  the  NIAID  Animal  Care  Branch  during  FY88  is  zo 
identify  space  for,  and  hire  additional  personnel  to  manage,  the  increased 
clerical  and  administrative  responsibilities  the  Branch  has  had  to  assume  to 
comply  with  the  NIH  policy  on  Animal  Care  and  Use  in  the  Intramural  Program  and 
the  Public  Health  Service  policy  on  the  Humane  Care  and  Use  of  Laboratory 
Animals,   the  Branch  did  hire  a  second  veterinarian  in  FY87  to  improve 
veterinary  services  within  the  NIAID  intramural  program. 
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ADMINISTRATIVE  MANAGEMENT  BRANCH 

NATIONAL  INSTITUTE  OF  ALLERGY  AND  INFECTIOUS  DISEASE 

October  1, 1987  to  September  30, 1988 


Introduction 

The  recent  impetus  for  combating  AIDS  and  the  resulting  staff  and  budget  increases  have 
multiplied  the  amount  of  administrative  support  needed  in  the  Intramural  Research  Program. 
With  little  corresponding  increase  in  the  Administrative  Management  Branch's  staff,  we  have 
been  able  to  keep  pace  with  the  challenge  and  to  provide  the  highest  quality  administrative 
support  and  advisory  services  to  the  IRP.  The  AMB  has  completed  a  very  rigorous  fiscal 
year  filled  with  numerous  accomplishments— all  instrumental  in  improving,  maintaining,  and 
expanding  administrative  support  to  the  scientific  staff.  The  AMB  continued  to  be  involved 
in  budget  administration,  contracts,  renovations,  space  management,  automation  and 
procurement.  The  high  quality  of  our  work  product  has  been  verified  through  time  and 
attendance,  financial  and  procurement  audits.  The  following  will  provide  a  brief  exposition 
of  our  activities  and  accomplishments  throughout  Fiscal  Year  1988. 

Budget  and  Financial  Management 

In  FY'88  IRP's  budget  allocation  increased  by  7.6%  over  FY'87  to  a  total  of  $77.7  million. 
The  Administrative  Management  Branch  made  numerous  advances  in  administering  and 
managing  the  IRP  budget.  Improved  methods  have  been  devised  for  tracking  and  reporting 
the  budgets  and  financial  status  of  the  IRP's  laboratories,  branches,  and  offices.  The 
Acquisition  Management  and  Budget  Information  System  (AMBIS)  was  developed  and 
implemented.  It  provides  for  sharing  of  procurement  and  budget  data  between  the 
laboratory  and  the  administrative  staff.  AMBIS  allows  laboratory  personnel  to  enter 
Requisition  Worksheet  information  into  the  NIAID  Local  Area  Network  (LAN)  and  to  transmit 
that  worksheet  directly  through  the  Network  to  the  Purchasing  Agent.  Vendor  information 
is  maintained  in  computer  files  and  is  readily  available  to  laboratory  personnel  when 
entering  worksheet  information.  Most  importantly,  a  current  budget  status  for  all  the  labs 
is  available  at  any  time  to  both  the  administrative  staff  and  to  authorized  lab  personnel. 
Building  10  administrative  staff  and  Laboratory  of  Clinical  Immunology  are  currently  using 
the  new  system.  The  remainder  of  Building  10  labs  are  scheduled  to  begin  using  AMBIS  on 
SeptembCT  1,  1988  and  all  IRP  as  well  as  MAID  Extramural  Program  will  be  utilizing  the 
new  system  by  December  1988.  Monthly  Status  of  Funds  reports  have  been  established  using 
Lotus  1-2-3  computer  software.  These  reports  give  detailed  information  regarding  supplies 
and  services,  equipment  and  travel  budgets  for  each  laboratory,  as  well  as  financial 
projections  based  on  current  spending  levels.  Accessing  the  Wylbur  computer  system,  the 
AMB  has  also  been  able  to  provide  weekly  reports  on  obligations  and  commitments  useful  to 
the  administrative  staff  and  labs  in  managing  their  budgets.  In  addition,  DE^  weekly 
reports  and  SSF  monthly  reports  are  also  carefully  monitored  and  analyzed  to  examine 
spending  in  specific  areas  such  as  animals,  photography,  shipping,  etc. 
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Renovations  and  Space  Relocations 

During  this  year  the  AMB  has  been  actively  involved  in  managing  and  overseeing  numerous 
lab  and  office  space  renovations.   Many  of  these  renovations  have  been  precipitated  by  the 
need  for  additional  and/or  more  functional  space  to  conduct  AIDS  research.   .Major 
rcnovadons  have  occurred  in  all  Buildings  occupied  by  IRP  staff,  from  completely  renovated 
and  modernized  Cold  Room  space  to  lab  modules  and  offices.   In  addition,  AMB  has 
successfully  coordinated  and  overseen  the  compledon  of  major  renovations  such  as  the  FCRF 
Building  550/469,  Twinbrook  II  (Phase  I  renovation)  and  Building  4.   Most  IRP  staff  in 
Building  5  will  be  moving  to  the  newly  renovated  space  in  Building  4  beginning  September  1, 
1988.  The  administrative  staff  in  Building  7  are  in  the  process  of  relocating  to  newly 
renovated  space  on  the  second  floor  of  this  building.   .And  finally,  to  keep  track  of  all  IRP 
space  and  staff  locations,  the  Branch  has  developed  a  computer-generated  Space  Report. 
This  tool  has  made  the  management  of  space  a  less  cumbersome  task. 

Procurement/Contracts 

The  demand  for  purchasing  supplies,  services  and  equipment  in  order  to  carry  out  this  vital 
research  has  also  significantly  increased.   However,  staffing  levels  for  IRP  Purchasing 
.Agents  have  remained  constant  except  for  the  addition  of  1  Purchasing  Agent  at  the 
Twinbrook  facility.  AMB's  Purchasing  Agents  have  continued  to  meet  the  challenge  of 
increased  staff  demands  with  a  phenomenal  level  of  efficiency  and  accuracy.  In  fact, 
procurement  practices  have  come  under  close  scrutiny  this  t~iscal  year  and  we  have  been 
commended  for  our  efficient  way  of  performing  procurement  functions.  AMB's  work  in  the 
procurement  area  has  become  a  standard  of  excellence  throughout  the  NTH.  Earlier  this 
year,  NTH  contracted  with  the  Logistics  Management  Institute  (LMI),  to  conduct  a  review 
and  evaluation  of  its  procurement  practices  and  a  final  report  was  issued  in  April  1988. 
Although  the  report  highlighted  areas  of  concern  at  the  NIH,  we  received  high  valued 
praises  in  performing  our  procurement  functions.  Other  administrative  accomplishments  in 
the  procurement  area  include:  development  of  a  monthly  newsletter  entitled  "Procurement 
Tips"  to  be  used  by  all  NIAID  administrative  staff;  establishment  of  a  Requisition  Worksheet, 
NIH  Form  1861-3  to  facilitate  lab  and  administrative  staff  procurement  efforts  and  to  enable 
the  administrative  staff  to  more  readily  comply  with  federal  procurement  regulations; 
development  of  written  procedures  and  procurement  guidelines  for  use  by  laboratory 
personnel;  creation  of  an  automated  file  listing  utilizing  the  LAN  system  for  approximately 
500  vendors;  and  improvement  of  filing  systems  in  all  administrative  offices.  We  have  also 
taken  steps  to  formalize  our  contract  review  process  for  both  procurement  and  research  and 
development  contracts.  This  has  included  the  appointment  of  an  Administrative  Officer  to 
oversee  contracts  and  monitor  expenditures,  a  revised  standardized  concept  review  form  for 
use  by  our  Board  of  Scientific  Counselors  and  an  annual  contract  review  for  the  Director, 
IRP  to  support  the  scientific  evaluation  and  funding  of  ongoing  and  new  projects.   Finally, 
in  an  effort  to  more  effectively  manage  contractor  operations  at  the  FCRF,  the 
administrative  staff  obtained  approval  to  consolidate  all  of  the  IRP's  scientific  programs 
concerning  vaccine  development  and  treatment  under  one  project.  This  consolidation 
produced  positive  results  for  budget  tracking,  space  management  and  day-to-day  operations. 
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Automation 

The  Local  Area  Network  (LAN)  has  been  installed  in  Buildings  10,  7,  5,  Twinbrook,  and 
FCRF.  Most  obsolete  word  processing  equipment  such  as  the  IBM  5520  has  been  replaced  by 
PCs.  These  machines  are  supporting  a  high  level  of  word  processing  and  enabling  the  user 
to  accomplish  many  other  tasks,  such  as  network  mail,  telecommunications  and  database-type 
applications.  The  LAN  has  resulted  in  a  cost  savings  since  various  software  programs  and 
equipment  can  be  shared  thereby  eliminating  the  need  for  individual  purchases.  The  AMB 
has  been  instrumental  in  ensuring  that  all  IRP  staff  are  trained  on  the  new  system.  In 
addition,  procedures  were  implemented  to  assist  the  labs  in  ordering  ADP  equipment  and  to 
insure  that  they  are  requesting  compatible  equipment  with  the  LAN.  In  order  to  fulfill  the 
automation  needs  of  the  IRP,  a  contract  computer  specialist  was  hired  by  the  Institute  this 
fiscal  year.  Computer  support  is  also  augmented  by  a  computer  specialist  from  DCRT 
assigned  to  IRP.  Projects  completed  along  with  AMB  assistance  include  an  Employee 
Performance  Management  System  which  is  a  database-oriented,  menu-driven  program,  written 
specifically  for  the  Institute  and  used  primarily  by  employees  and  supervisors  to  implement  a 
more  flexible  and  realistic  approach  to  the  creation  of  appropriate  EPMS  forms;  the 
aforemention  Space  Report;  liie  AMBIS  System  that  allows  scientists  in  the  labs  to  expedite 
ordering,  reduce  paperwork  and  permit  Purchasing  Agents  to  track  orders  and  maintain  lab 
budgets  more  efficientiy;  DELPRO  installation  on  the  Network  which  has  enabled  the  user  to 
interact  with  the  IMS  from  any  computer  on  the  Network  and  has  decreased  the  cost  for 
AT&T  rentals  for  DELPRO.    The  installation  of  DELPRO  on  the  network  will  also  allow  for 
an  efficient  transition  of  NIH  central  services  on-line  and  easy  access  for  NIAID  staff. 

Personnel 

Positions  ceilings  for  AMB  remained  unchanged  this  fiscal  year  with  the  exception  of  an 
additional  FTE.  Staffing  levels  were  fairly  stable  except  some  turnover  in  the  Purchasing 
Agent  positions.  At  the  end  of  the  fiscal  year,  however,  all  administrative  offices  are  fully 
staffed  with  25  FTEs  encumbered  plus  three  Stay-in-School  employees.  Plans  are  underway 
for  establishing  to  a  Lead  Purchasing  Agent,  GS-8  and  for  reorganizing  the  AMB  into  two 
sections  under  the  Office  of  the  Chief,  AMB.  In  order  to  increase  the  flow  of 
communication  and  to  provide  as  much  administrative  support  as  possible.  Administrative 
Officers  meet  regularly  with  the  lab  chiefs  in  their  respective  areas.  The  Chief,  AMB's 
selection  to  serve  on  various  NIH  and  NIAID  committees  escalated  this  fiscal  year  and  she 
has  expended  considerable  efforts  assisting  in  developing  and  implementing  NlH's  Patent 
Policy.  She  is  chairing  the  Intramural  Administrative  Officers  Committee  and  provides 
administrative  expertise  as  a  member  of  the  following  committees:  Patent  Policy  Training 
Subcommittee,  Service  and  Supply  Fund  Activity,  NIH-ADAMHA  Industry  Forum,  DES~ 
Intramural  Administrative  Officers  Working  Group,  Patent  Policy  BID  Liaison,  NIAID 
Procurement  Oversight  Official,  Clinical  Review  Subcommittee,  and  the  Promotion  Advisory 
Committee. 
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RESEARCH  PROGRESS 

The  Biological  Resources  Branch  investigates  the  structure  and  function  of  the  genes 
and  molecules  involved  in  the  immune  response,  the  molecular  basis  for  antigen 
presentation  and  recognition,  and  hemapoietic  cell  differentiation.  In  addition  to  this 
fundamental  immunological  research,  the  Branch  provides  protein  sequencing,  pepdde 
synthesis  and  flow  cytometry  expertise  and  services  for  the  NIAID. 

STUDIES  OF  THE  MAJOR  HISTOCOMPATIBILITY  COMPLEX 

Major  histocompatibility  complex  (MHC)  encoded  class  I  molecules  are  integrally 
involved  in  the  presentation  of  viral  andgens,  in  the  form  of  processed  pepddes,  to 
cytotoxic  T  lymphocytes  (CTL).  Studies  on  the  molecular  basis  of  viral  antigen 
processing  and  the  nature  of  the  interaction  of  processed  antigen  (peptides)  with  class  I 
molecules,  as  well  as  factors  controlling  the  expression  of  class  I  molecules  have  been 
emphasized  in  this  research. 

Presentation  of  Viral  Peptide  Antigens  by  Class  I  Molecules.  Previous  studies  have 
suggested  that  MHC  class  I  molecules  bind  and  present  pepddes  to  CTL,  and  that  the 
peptides  bind  to  two  a  helices  in  the  class  I  molecule  consisting  of  residues  50-84  and 
138-180.  For  the  Ml  peptide  of  the  influenza  virus  matrix  protein,  it  was  shown  that 
the  amino  acid  subsututions  at  positions  152  and  156  of  HLA-A2.1  in  the  second  a  helix 
are  important  for  recognition  by  influenza  virus  restricted  CTL.  However,  it  was  shown 
that  the  failure  to  recognize  complexes  between  the  peptide  and  these  mutant  HLA- A2. 1 
molecules  was  due  to  T-cell  receptor  specificity  and  not  the  failure  of  the  HLA-A2.1 
molecules  to  bind  peptide  (Coligan,  Maloy).  For  CTL  recognition  of  HLA- A3  class  I 
molecules  the  nature  of  the  amino  acid  difference  at  position  152  was  shown  to  be 
critical  for  distinguishing  HLA- A3. 1  and  HLA-A3.2  molecules  either  by  allo-immune  CTL 
or  virally  restricted  CTL.  Different  viruses  and  target  cells  did  not  alter  this  recognidon 
pattern.  Thus,  both  of  these  studies  emphasize  that  the  region  between  residues  150  and 
160  of  class  I  molecules  as  being  critical  for  andgen  presentation  to  cytotoxic  T 
lymphocytes  (Coligan). 

Identiflcation  of  Viral  Peptides  Presented  by  Class  I  Molecules.  To  define  the 
parameters  of  interacdon  of  viral  pepdde  antigens  with  MHC  class  I  molecules,  it  was 
necessary  to  define  peptide  andgens  recognized,  in  the  context  of  H-2  class  I  molecules 
available  in  soluble  form  i.e.  H-2K    and  H-2D".  The  influenza  A  virus  basic  polymerase 
2  (PB2)  was  found  to  be  recognized  by  H-2D    restricted  influenza  virus  specific  CTL,  and 
of  the  thirty  one  pepddes  synthesized,  three  pepddes  from  PB2  were  found  to  be 
recognized  by  the  virus  specific  CTL.  These  CTL  epitopes  have  low  amphipathicity 
values,  but  fit  the  Rothbard  algorithm  for  T  cell  epitopes.  The  pepddes  that  have  been 
idendfied  have  been  radiolabeled  and  the  class  I  molecule  binding  studies  have  begun.  In 
addition,  four  epitopes  recognized  by  SV40  specific,  H-2D°  restricted  CTL  have  been 
idendfied  and  studies  on  H.-2KP  epitopes  are  in  progress  (Anderson,  Maloy). 

4-1 


Minimal  Anti^ienic  Rc(|uirements  for  the  (Jeneralion  of  a  CTL  Response.   It  has  been 
previously  shown  that  MIIC  restricted  cytotoxic  T  lymphocytes  recoiinize  foreign  antigen 
in  the  tbrm  o(  short  peptides.   In  defining  the  minimal  requirements  for  the  induction  of 
virus  specific  CTL.  a  peptide  containing  epitopes  from  the  influenza  type  A  matrix  (Ml) 
protein  recognized  by  both  human  CTL  and  T  helper  cells  has  been  shown  to  sensitize 
target  cells  for  recognition  by  influenza  A  virus  specific  CTL.  This  peptide  was  also 
shown  to  induce  cytolytic  effector  cells  from  human  peripheral  blood  lymphocytes  (PBL) 
when  cultured  with  the  PBL  even  in  the  absence  of  exogenous  growth  factors.  These 
data  indicate  that  virus  specific  CTL  can  be  stimulated  in  vitro  with  the  CTL  epitope  and 
the  lymphokines  secreted  by  the  T  helper  cells  induced  by  the  T  helper  cell  epitope.  This 
information  will  be  imponant  for  the  design  of  synthetic  peptide  based  vaccines  for  the 
production  of  CTL  mediated  immunity  (.Anderson). 

Multiple  Class  I  Molecules  from  a  Single  Gene.  The  goal  of  these  studies  is  to  gain 
an  understanding  of  the  regulation  of  expression,  and  the  functional  and  antigenic 
propenies  of  these  molecules.  It  has  been  shown  that  multiple  class  I  molecules  can  be 
generated  from  single  genes  by  alternative  splicing  of  pre-mR.NAs.  Panicular 
alternatively  spliced  gene  products  affecting  the  C-terminus  have  been  shown  to 
distinguish  H-2K  molecules  from  H-2D  molecules  (Coligan,  Maloy).  For  H-2K  molecules, 
the  splicing  pattern  favoring  the  use  of  a  long  exon  8  could  be  correlated  with  a 
potential  lanat  branch  point  adenosine  28  bp  upstream  of  the  splice  junction. 
Elimination  of  this  adenosine  altered  the  pattern  of  pre-mR.N'A  splicing  in  H-2K  molecules 
resulting  in  a  predominance  of  shon  exon  8  encoded  sequences.  The  splicing  pattern  of 
H-2D  region  molecules  could  not  be  correlated  with  this  base  alone  (Handy). 


MOLECULAR  STUDIES  ON  T  CELL  RECEPTORS 

The  aj\)  T  cell  Receptor.  Multiple  molecules  exist  on  the  surface  of  lymphocytes 
that  are  imponant  for  the  development,  activation  and  regulation  of  the  immune 
response.  Of  prime  imponance  in  this  regard  is  the  clontypic  a6  T  cell  receptor  that  is 
responsible  for  antigen  recognition.  Recent  studies  have  emphasized  factors  regulating 
the  biosynthesis  and  expression  of  this  receptor. 

The  biosynthesis,  processing,  and  assembly  of  the  T  cell  receptor  a-  and  B-chains 
with  each  other  and  with  the  CD3  complex  were  investigated  on  both  cell  surt'ace 
positive  (TCR'^CD3"^)and  negative  (TCR"CD3')  cell  lines.  The  results  indicate  that  1)  in 
the  cell  surface  TCR'CDS"  cell  lines  (MOLT  3,  CCRF-CEM).  TCR-B.  but  not  a-chains  are 
present  intracellularly.  TCR-B-CD3  complexes  are  readily  detectable  in  these  cell  lines, 
but  no  evidence  for  final  processing  or  cell  surface  expression  of  such  incomplete  TCR- 
CD3  complexes  is  observed.  2)  In  the  cell  surface  TCR'^CD3'^  cell  line  HPB-ALL,  both 
a-  and  B-chains  arc  present  intracellularly.  Whereas  non-glycosylated  forms  of  TCR-B 
chain  can  be  detected,  only  more  mature  forms  of  TCR  a-chains  are  detected  indicating 
that  the  a-chains  are  more  rapidly  glycosylated  than  the  B-chains.  3)  The  large  majonty 
of  the  intracellular  a-and  B-chains  are  not  disulfide  linked  and  a  small  fraction  of  these 
are  associated  with  CD3.  4)  Only  small  amounts  of  the  total  intracellular  TCR  chains  are 
found  as  CD3-associated  disulfide-linked  aB-heterodimers.  5)  Final  processing  of  TCR 
chains  for  cell  surface  expression  takes  place  after  formation  of  these  TCR-a6-CD3 
complexes.  Thus,  both  the  TCR  a-  and  6-chains  are  over-produced  and  only  relatively 
small  amounts  of  these  chains  form  CD3-associated  heterodimers  that  are  processed  for 
cell  surface  expression.   Analogous  results  were  obtained  with  a  non-leukemic  CTL  clone. 
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Based  on  these  observations,  a  model  for  the  biosynthesis  and  assembly  of  the  TCR-CD3 
complex  was  proposed  (Koning). 

The  y5  T  Cell  Receptor.  The  antigen  receptor  (TCR)  on  helper  and  cytotoxic  T 
lymphocy.tes  consists  of  an  aB  chain  heterodimer  that  is  associated  with  the  CDS  complex 
on  the  cell  surface.  Recently,  a  second  CD3-associated  heterodimer,  composed  of  a  y 
gene  product  and  a  5  gene  product,  has  been  identified  on  a  subset  of  thymocytes. 
Because  B  and  y  chain  mRNA,  in  contrast  to  a  chain  mRNA  transcripts,  are  abundant  in 
immature  murine  thymocytes,  it  was  hypothesized  that  such  thymocytes  could  express  By 
receptors  that  are  replaced  by  aB  receptors  after  translation  of  a  chain  mRNA.  However, 
no  evidence  existed  that  B  and  y  protein  can  be  synthesized  by  a  single  cell.  It  was 
shown  that  the  human  T  cell  line  PEER,  which  expresses  a  CDS  associated  TCR  y  chain 
on  the  cell  surface,  synthesizes  a  S8  kD  B  chain  product  that  associates  intracellularly 
with  CDS.  However,  this  CDS-TCRB  complex  is  not  found  on  the  cell  surface,  presumably 
because  no  a  chain  protein  can  be  synthesized.  It  was  concluded  that  B  and  y  proteins 
can  be  produced  within  the  same  cell  and  that  they  can  independently  form  CDS-TCRB 
and  CD3-TCR  y  chain  complexes.  However,  CDS-TCRB  y  complexes  apparendy  do  not 
form  (Koning,  Coligan). 

Analyses  of  the  y5  TCR  revealed  significant  clonal  diversity  in  expression  indicating 
that  the  y5  TCR  has  the  potential  to  recognize  a  variety  of  ligands  (Koning). 
Furthermore,  the  activation  properties  of  cells  bearing  y5  TCRs  was  found  to  be  very 
similar  to  those  bearing  aB  TCRs  in  terms  of  CDS  components  and  responsiveness  to 
various  activation  signals  such  as  anti-Thy-1,  anti-CD3,  PMA  and  ConA.  The  majority  of 
y5  expressing  cells  present  in  the  periphery  were  found  to  be  thymic  dependent  with  a 
small  percentage  being  thymic  independent.  Multiple  forms  of  y5  TCRs  were  found  to  be 
present  in  the  periphery  including  those  containing  several  types  of  Cy4  chains.  In 
addition,  whereas  CDS"*",  CD4",  CDS',  aB  TCR"*"  cells  have  been  found  in  the  thymus,  none 
could  be  detected  in  the  periphery  (Coligan)  . 

SYNTHESIS  OF  PEPTIDE  ANTIGENS 

The  major  objective  of  this  project  is  the  chemical  synthesis  of  peptides  that 
correspond  to  portions  of  a  native  protein.  These  peptides  are  then  used  to  mimic  the 
reactivity  of  the  native  protein  or  are  used  to  make  antipeptide  sera  that  will  crossreact 
with  the  native  protein.  The  peptides  are  synthesized  for  many  different  projects,  each 
with  its  own  specific  objective,  however  in  general  the  antipeptide  sera  are  used  as 
probes  for  a  native  protein  or  for  a  specific  region  of  a  protein,  while  the  peptides  that 
are  not  used  to  make  antisera  are  used  to  identify  and  mimic  epitopes  recognized  by 
-antibody,  T  helper,  or  cytotoxic  T  lymphocytes  (CTL).  During  the  past  year,  450 
peptides  have  been  synthesized  for  50  investigators  in  the  NIAID  (Maloy).  Synthetic 
peptides  and  antipeptide  sera  are  being  used  in  the  manner  just  described  to  investigate 
many  different  proteins,  that  include  products  of  the  human  and  murine  MHC;  human  and 
murine  T  cell  receptor  proteins;  viral  proteins  from  HIV-1,  hepatitis  A  and  B,  rota  virus, 
dengue  virus,  vaccinia  virus  and  various  strains  of  influenza  virus;  parasite  proteins  from 
malaria,  schistosoma  and  the  trypanosoma;  lymphokines  IL-1  and  IL-5;  lymphocyte 
antigens  Ly  5  and  CD4. 
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PROTEIN  SEQUENCE  ANALYSES 

The  facility  has  analyzed  over  220  samples  during  the  past  nine  months  and  projects  that 
it  will  analyze  about  300  samples  this  fiscal  year  from  the  following  sources: 


NIAID 

Sample  No. 

LPD 

50 

LI 

15 

LVD 

30 

LMM 

10 

LIR 

15 

LCI 

5 

BRB 

20 

LID 

20 

Sub  total 

165 

NCI 

15 

NINCDS 

2 

NIDDKD 

3 

Extramural 

25 

Total  220 


In  addition  to  sequence  analyses,  in  the  case  of  several  malaria  proteins  and  a 
schistosome  protein,  the  facility  has  purified  cryptic  peptides  for  sequence  analysis  by 
reverse  phase  microbore  HPLC  separation.  Several  studies  in  which  data  provided  by  the 
facility  have  had  a  major  impact  are  listed  below: 

(1)  the  characterization  and  identification  of  the  putative  gas^-pol  protease  and  gag 
encoded  gene  products  of  human  immunodeficiency  virus  (HIV)  (Laboratory  of 
Molecular  Microbiology);  (2)  the  characterization  of  human  pro-gastrin-releasing 
peptides  expressed  in  baculovirus  (Navy  Medical  Oncology  Branch,  NCI);  (3)  the 
identification  of  previously  unidentified  vaccinia  virus  encoded  proteins  (Laboratory 
of  Viral  Diseases);  (4)  the  characterization  of  high-efficiency  purified  interleulcin  4 
(Laboratory  of  Immunology);  (5)  the  structure  of  T-cell  activating  protein  (TAP)  and 
related  Ly-6  encoded  molecules  (Harvard  Medical  School);  (6)  the  identification  of  a 
chimeric  MHC  class  Il/class  I  protein  expressed  on  the  cell  surface  (Laboratory  of 
Immunology);  (7)  protein  sequence  determinations  which  allowed  the  development  of 
oligonucleotide  probes  for  the  cloning  of  PFs25  that  is  expressed  on  zygotes  and 
ookinetes  of  P .  falciparum  (Laboratory  of  Parasitic  Diseases);  (8)  the  identification  of 
hamster  MHC  class  I  antigens  (Laboratory  of  Immunopathology;  (9)  analysis  of  the 
BCDF  (11-6)  receptor  (Laboratory  of  Immunoregulation);  (10)  identification  of  Dengue 
virus  pre-matrix  structural  protein  (Laboratory  of  Infectious  Disease). 

FLOW  CYTOMETRY  ANALYSES 

The  Flow  Cytometry  Facility  (Holmes)  has  undergone  considerable  change  in  the  last 
fiscal  year.   It  has  incorporated  two  new  flow  cytometers,  hired  and  trained  3  new 
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employees  and  instituted  a  new  computer  support  contract  for  the  section.  All  12  IRP 
Laboratories  have  utilized  the  facility,  using  approximately  2158  hours  of  instrument  time 
for  single-  and  multi-parameter  analysis  and  sorting.  In  addition,  the  user-operated 
instruments  are  generating  an  average  of  30  files/day  (approx.  1-2  hrs/day). 

The -Flow  Cytometry  Facility  has  provided  support  to  all  12  laboratories  in  the  IRP 
and  many  non-NIAID  labs,  and  therefore  has  impacted  on  a  wide  range  of  research 
projects.  These  include:  1)  immunology:  T  and  B  cell  ontogeny,  effects  of 
interleukins/biological  response  modifiers  on  lymphoid  cells,  B  and  T  cell  differentiauon 
and  physiology  2)  virology:  AIDS  related  research,  murine  leukemia  viruses,  murine 
immunodeficiency  retrovirus,  vaccina  virus;  3)  parasitology:  defense  mechanisms  to 
parasite  invasion:  4)  molecular  biology:  study  of  a  variety  of  genes  transfected  into 
cultured  cells. 

As  the  reliability  of  the  instrumentation/personnel  has  become  established  in  the 
facility,  the  frequency  of  repeat  experiments  has  diminished  while  at  the  same  time  there 
has  been  an  increase  in  the  number  of  new  users  and  projects.  We  expect  that  the  level 
of  use  will  increase  further,  particularly  for  sorting  and  multiparameter  analysis.  This 
increase  was  anticipated  and  influenced  the  decision  to  purchase  the  FACStar  Plus  and 
analyzers. 
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BIOLOGICAL  RESOURCES  BRANCH 

Annual  Report 
October  I.  1987  to  September  30.  198.S 

ADMINISTRATIVE  REPORT 

The  period  covered  by  this  annual  report  marks  the  inaugural  year  of  the 
Biological  Resources  Branch.  There  are  four  Sections  within  the  Branch;  most  of  which 
are  pnmanly  involved  with  providing  technological  resources  to  the  NIAID.  Despite 
difficulties  in  keeping  personnel  trained  in  highly  sophisticated  techniques  from  being 
hired  by  other  organizations,  all  of  the  service  facilities  have  at  least  doubled  their 
output  within  the  last  year.  This  was  mainly  due  to  reorganization,  new  instrumentation 
and/or  the  hiring  of  highly  skilled  personnel.  A  major  change  in  the  Protein  Sequencing 
Facility  was  the  departure  of  .Mr.  .Michael  Raum,  an  individual  with  8  years  of  protein 
sequence  e.xperience.  The  hiring  of  .Mr.  Mark  Gart"ield  from  the  NINCDS,  an  individual 
with  experience  in  handling  proteins,  but  not  in  sequence  analyses,  as  a  replacement  has 
kept  the  facility  operational  despite  down  time  required  for  training  on  the  protein 
sequencers.  The  Peptide  Synthesis  Facility  has  expenenced  similar  personnel  turnover 
problems  and  the  recent  loss  of  Mr.  James  Hoffman  will  surely  have  an  impact  on 
productivity  until  a  replacement  can  be  hired  and  trained.  The  capabilities  of  the  Flow 
Cytometry  Facility  were  enhanced  by  the  arrival  of  Mr.  Jeffrey  Hooley  to  run  the  BD 
F.ACstar  Plus.  In  the  research  area.  Dr.  Fnts  Koning  left  Dr.  Coligan's  laboratory  this 
year  to  assume  a  tenured  position  at  the  Depanment  of  Immunohaematology  and 
Bloodbank.  University  Hospital.  Leiden.  The  Netheriands.  Two  new  members  have  joined 
Dr.  Coligan's  laboratory  dunng  the  past  year:  Dr.  Kevin  .Moulder  of  the  London  School 
of  Hygiene  and  Tropical  Medicine  and  Dr.  Gregory  Einhom  of  the  Depanment  of 
Molecular  Biology  and  Genetics,  Johns  Hopkins  University. 
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BIOLOGICAL  RESOURCES  BRANCH 

Annual  Report 
October  1,  1987  to  September  30,  1988 

HONORS  AND  AWARDS 

Dr.  Coligan  was  invited  to  present  laboratory  data  seminars  at  the  Sloan  Kettering 
Memorial  Cancer  Institute,  University  of  Texas,  University  of  Florida  and  University  of 
Alabama.  He  was  also  invited  to  make  presentations  at  the  FASEB  meeting  in  Las  Vegas, 
the  HLA-H2  Cloning  Workshop  that  was  held  at  Airlie  House  in  Virginia  and  the  meeting 
on  the  Molecular  Basis  of  the  Immune  Response  in  New  York  City.  Dr.  Coligan  was  also 
recently  invited  to  serve  on  the  Program  Committee  for  the  American  Associauon  of 
Immunologists.  Dr.  Coligan  was  invited  to  serve  on  the  editorial  board  of  Molecular 
Immunology  and  continues  to  serve  on  the  editorial  board  of  Immunologic  Research. 
Dr.  Kevin  Holmes  made  a  presentation  at  the  meeting  on  Mechanisms  in  B  Cell  Neoplasia 
held  at  the  NIH. 
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Major  histocompatibility  complex  encoded  class  I  molecules  are  integrally 
involved  in  the  presentation  of  viral  antigens  to  cytotoxic  T  lymphocytes  (CTL).     The 
goal  of  these  studies  is  to  gain  an  understanding  of  the  regulation  of  expression,  and 
the  functional  and  antigenic  properties  of  these  molecules.     It  has  been  shown  that 
multiple  class  I  molecules  can  be  generated  from  single  genes  by  alternative  splicing 
of  pre-mRNAs.     Particular  altemadvely  spliced  gene  products  affecting  the  C-terminus 
have  been  shown  to  distinguish  H-2K  molecules  from  H-2D  molecules.     For  H-2K 
molecules,  the  splicing  pattern  favoring  the  use  of  a  long  exon  8  could  be  correlated 
with  a  potential  lanat  branch  point  adenosine  28  bp  upstream  of  the  splice  junction. 
Elimination  of  this  adenosine  altered  the  pattern  of  pre-mRNA  splicing  in  H-2K 
molecules  resulting  in  a  predominance  of  shon  exon  8  encoded  sequences.     The  splicing 
partem  of  H-2D  region  molecules  could  not  be  correlated  with  this  base  alone. 

Previous  studies  have  suggested  that  MHC  class  I  molecules  bind  and  present 
peptides  to  CTL.  and  that  the  peptides  bind  to  two  a  helices  in  the  class  I  molecule 
consisting  of  residues  50-84  and   138-180.     For  the  Ml  peptide  of  the  influenza  virus 
matrix  protein,  it  was  shown  that  the  amino  acid  substitutions  at  positions   152  and 
156  of  HLA-A2.1  in  the  second  a  helix  arc  imponant  for  recognition  by  influenza  virus 
restncted  CTL.     However,  it  was  shown  that  the  failure  to  recognize  complexes  between 
the  peptide  and  these  mutant  HLA-A2. 1   molecules  was  due  to  T-cell  receptor  specificity 
and  not  the  failure  of  the  HLA-A2. 1   molecules  to  bind  peptide.     For  CTL  recognition  of 
HLA-A3  class  I  molecules  the  nature  of  the  amino  acid  difference  at  position   152  was 
I         shown  to  be  cnucal  for  distinguishing  HLA-A3.1   and  HLA3.2  molecules  either  by  allo- 
,         immune  CTL  or  virally  restricted  CTL.  Different  viruses  and  target  cells  did  not  alter 
this  recognition  pattern.     Thus,  both  of  these  studies  emphasize  that  the  region 
between  residues   150  and   160  of  class  I  molecules  as  being  critical  for  antigen 
presentation  to  cytotoxic  T  lymphocytes. 
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Multiple  molecules  exist  on  the  cell  surface  of  lymphocytes  that  are  important  for 
development,  activation  and  regulation  of  the  immumne  response.  Of  prime  importance  in 
this  regard  is  the  clonotypic  aB  heterodimer  T  cell  receptor  (TCR)  that  is  noncovalently 
associated  with  the  multicomponent  CD3  complex.  In  studies  on  the  biosynthesis  and 
assembly  of  TCR-CD3  complex,  it  has  been  shown  that  large  amounts  of  non-disulfide 
linked  a-  and  S-chains  are  synthesized  most  of  which  are  degraded  before  assembly  into 
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Y5  TCRs  were  found  to  be  present  in  the  periphery  including  those  containing  several 
types  of  Ci4  chains.  In  addition,  whereas  CDS"*",  CD4',  CDS',  oB  TCR"*"  cells  have  been 
found  in  the  thymus,  none  could  be  detected  in  the  periphery. 
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It  has  been  previously  shown  that  .VIHC  restricted  cytotoxic  T  lymphocytes  recognize 
foreign  antigen  in  the  form  of  shon  peptides.   In  defining  the  minimad  requirements  for 
the  induction  of  virus  specific  CTL,  a  peptide  containing  epitopes  from  the  intluenza  type 
A  matnx  (Ml)  protein  recognized  by  both  human  CTL  and  T  helper  ceils  has  beenshown 
to  sensitize  target  cells  for  recognition  by  influenza  A  virus  specific  CTL.  This  peptide 
was  also  shown  to  induce  cytolytic  effector  cells  from  human  penpheral  blood 
lymphocytes  (PBL)  when  cultured  with  the  PBL  even  in  the  absence  of  exogenous  growth 
factors.  These  data  indicate  that  virus  specific  CTL  can  be  stimulated  in  vitro  with  the 
CTL  epitope  and  the  lymphoicines  secreted  by  the  T  helper  cells  induced  by  the  T  helper 
cell  epitope.  This  information  will  be  imponant  for  the  design  of  synthetic  peptide  based 
vaccines  for  the  production  of  CTL  mediated  immunity. 

To  define  the  parameters  of  interaction  of  viral  peptide  antigens  with  MHC  class  I 
molecules,  it  was  necessary  to  define  peptide  antigen^  recognized  in  the  context  of  H-2 
class  I  molecules  available  in  soluble  form  i.e.  H-2K°  and  H-2D  .  The  influenza  .\  virus 
basic  polymerase  2  (PB2)  was  found  to  be  recognized  by  H-2D^  restricted  influenza  virus 
specific  CTL,  and  of  the  thirty  one  peptides  synthesized,  three  peptides  from  PB2  were 
found  to  be  recognized  by  the  virus  specific  CTL.  These  CTL  epitopes  have  low 
amphipaihicity  values,  but  fit  the  Rothbard  algorithm  for  T  cell  epitopes.  The  peptides 
that  have  been  identified  have  been  radiolabeled  and  the  MHC  molecule  binding  studies 
have  begun.   In  addition,  four  epitopes  recognized  by  SV40  specific,  H-2D    restricted 
1        CTL  have  been  identified  and  studies  on  H-2K    arc  in  progress. 
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■  During  the  last  year  over  450  peptides  have  synthesized  for  50  investigators  in  the 
NIAID.  Many  of  the  peptides  have  been  made  for  collaborative  projects.  In  collaboration 
with  David  Margulies,  tritium  labeled  peptides  for  binding  studies  with  MHC  class  I 
molecules  have  been  synthesized.  Antipeptide  sera  have  been  made  for  the  continued 
study  of  the  human  and  mouse  T  cell  receptor  and  CDS  molecules  in  collaboration  with 
John  Coligan  and  his  collaborators.  In  collaboration  with  Louis  Miller,  the  immune 
"  response  to  the  malaria  parasite  has  been  analyzed.  Peptides  have  been  used  to  help 
determine  that  the  major  epitope  recognized  by  T  helper  cells  in  the  circumsporozoite 
protein  is  variable  between  different  variants  of  Plasmodium  falciparum.  In  addition  to 
the  T  helper  recognized  epitope,  peptides  have  been  used  to  define  an  epitope  recognized 
by  cytotoxic  T  cells  in  the  circumsporozoite  protein.  In  collaboration  with  Ron  Schwartz 
the  definition  of  a  second  epitope  recognized,  by  T  helper  cells  in  the  cytochrome  C 
molecule  has  been  completed.  Fifty-three  variants  of  this  epitope  were  synthesized  in 
order  to  define  the  amino  acid  residues  that  interact  with  the  T  cell  receptor  and  those 
that  interact  with  the  MHC  class  II  molecule.  In  collaboration  with  Mario  Gorziglia 
peptides  and  antipeptide  sera  were  used  to  define  epitopes  in  the  VP7  and  VPS  proteins 
of  human  rotavirus  that  are  recognized  by  neutralizing  antibodies. 
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During  the  past  year,  the  amino  acid  sequence  of  over  220  proteins  and  peptides  has 
been  determined  by  automated  protein  sequence  analyses.  In  the  case  of  several  malaria 
proteins  and  a  schistosome  protein,  the  facility  has  purified  cryptic  peptides  for  sequence 
analysis  by  reverse  phase  microbore  HPLC  separation.  Studies  in  which  these  analyses 
have  had  a  major  impact  are  listed  below: 

(1)  the  characterization  and  identification  of  the  putative  gag-pol  protease  and  gag 
encoded  gene  products  of  human  immunodeficiency  virus  (HIV)  (Laboratory  of 
Molecular  Microbiology);  (2)  the  characterization  of  human  pro-gastrin-releasing 
peptides  expressed  in  baculovirus  (Navy  Medical  Oncology  Branch,  NCI);  (3)  the 
identification  of  previously  unidentified  vaccinia  virus  encoded  proteins  (Laboratory 
of  Viral  Diseases);  (4)  the  characterization  of  high-efficiency  purified  interleukin  4 
(Laboratory  of  Immunology);  (5)  the  structure  of  T-cell  activating  protein  (TAP)  and 
related  Ly-6  encoded  molecules  (Harvard  Medical  School);  (6)  the  idendfication  of  a 
chimeric  MHC  class  Il/class  I  protein  expressed  on  the  cell  surface  (Laboratory  of 
Immunology);  (7)  protein  sequence  determinations  which  allowed  the  development  of 
oligonucleotide  probes  for  the  cloning  of  PFs25  that  is  expressed  on  zygotes  and 
ookinetes  of  P .  falciparum  (Laboratory  of  Parasitic  Diseases);  (8)  the  identification  of 
hamster  MHC  class  I  antigens  (Laboratory  of  Immunopathology;  (9)  analysis  of  the 
BCDF  (11-6)  receptor  (Laboratory  of  Immunoregulation);  ( 10)  identification  of  Dengue 
virus  pre-matnx  structural  protein  (Laboratory  of  Infectious  Disease). 
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The  Flow  Cytometry  Facility  has  undergone  considerable  change  in  the  last  fiscal 
year.  It  has  incorporated  two  new  flow  cytometers,  hired  and  trained  3  new  employees 
and  instituted  a  new  computer  support  contract  for  the  section.  All  12  IRP  Laboratories 
have  utilized  the  facility,  using  approximately  2158  hours  of  instrument  time  for  single- 
and  multi-parameter  analysis  and  soning.  In  addition,  the  user-operated  instruments  are 
generating  an  average  of  30  files/day  (approx.  1-2  hrs/day). 

The  Flow  Cytometry  Facility  has  provided  support  to  all  12  laboratories  in  the  IRP 
and  many  non-NIAID  labs,  and  therefore  has  impacted  on  a  wide  range  of  research 
projects.  These  include:  1)  immunology:  T  and  B  cell  ontogeny,  effects  of 
interleukins/biological  response  modifiers  on  lymphoid  cells,  B  and  T  cell  differentiation 
and  physiology  2)  virology:  AIDS  related  research,  murine  leukemia  viruses,  murine 
immunodeficiency  retrovirus,  vaccina  virus;  .3)  parasitology:  defense  mechanisms  to 
parasite  invasion:  4)  molecular  biology:  study  of  a  variety  of  genes  transfected  into 
cultured  cells. 

As  the  reliability  of  the  instrumentation/personnel  has  become  established  in  the 
.facility,  the  frequency  of  repeat  experiments  has  diminished  while  at  the  same  time  there 
has  been  an  increase  in  the  number  of  new  users  and  projects.  We  expect  that  the  level 
of  use  will  increase  further,  particularly  for  sorting  and  multiparameter  analysis.  This 
increase  was  anticipated  and  influenced  the  decision  to  purchase  the  FACStar  Plus  and 
analyzers. 
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Introduction 

The  Laboratory  of  Cellular  and  Molecular  Immunology  was  created  in  November,  1986.  Its 
major  task  is  to  perform  research  on  thymus-derived  (T)  lymphocytes.  Its  objective  is  to 
understand  how  these  critical  cells  of  the  immune  system  differentiate  and  function.  The 
approach  is  to  define  problems  in  whole  animal  systems,  set  up  in  vitro  analogs  in  tissue 
culture,  and  determine  the  molecular  basis  for  the  phenomena.  The  laboratory  employs 
techniques  from  the  disciplines  of  cellular  immunology,  molecular  biology  and  protein 
biochemistry. 

During  its  second  year  the  laboratory  has  pursued  three  major  areas  of  research:  1) 
Antigen  processing  and  presentation,  2)  The  biochemical  basis  of  T  cell  activation  and 
inactivation,  and  3)  The  intrathymic  events  in  T  cell  differentiation. 

Antigen  Processing  and  Presentation 

T  lymphocytes  recognize  foreign  antigens  in  association  with  gene  products  of  the  major 
histocompatibility  complex  (MHC)  on  the  surface  of  a  second  cell  type  known  as  an  antigen- 
presenting  cell  (APC).  The  foreign  antigen  is  usually  not  recognized  in  its  native  conformation. 
Rather,  it  is  internalized  by  the  APC  and  degraded  into  small  peptides,  which  become  associated 
with  the  MHC  molecules  inside  the  cell.  The  complexes  of  peptide  and  MHC  molecule  then  move 
to  the  cell  surface  where  they  are  recognized  by  antigen-specific  receptors  on  T  lymphocytes. 
At  the  present  time  die  exact  pathway  followed  by  the  antigen  inside  the  cell  is  not  clearly 
understood;  nor  are  the  cellular  compartments  in  which  the  degradation  and  binding  of  the 
peptides  takes  place  unequivocally  delineated.  Furthermore,  the  minimal  requirements  for  peptide 
binding  are  not  fully  understood. 

In  this  project  we  have  first  attempted  to  localize  where  inside  the  antigen-presenting  cell 
.antigen  processing  takes  place.  Variants  of  CHO  cells,  possessing  temperature  sensitive 
mutations  in  their  ability  to  acidify  endosomes,  but  not  lysosomes,  were  transfected  with  MHC 
class  II  genes  to  allow  them  to  present  antigens  to  T  cell  hybridomas.  At  the  nonpermissive 
temperature  these  cells  were  impaired  in  their  ability  to  present  intact  foreign  antigens,  which 
require  processing,  but  not  in  their  ability  to  present  peptide  fragments,  which  do  not.  These 
results  suggest  that  the  endosome  is  one  intracellular  organelle  where  antigen  processing  takes 
place.  In  a  related  study  with  these  cells,  we  demonstrated  that  uptake  via  the  mannose-6- 
phosphate  receptor  of  the  precursor  of  cathepsin  L,  an  acid  protease,  could  interfere  with 
antigen  processing  of  molecules  whose  determinants  were  cleavable  by  the  enzyme  when  the  two 
were  administered  simultaneously.  This  observation  argues  that  antigen  passes  through  an  acidic 
compartment  during  some  phase  of  antigen  processing.  Finally,  we  have  functionally  mapped  the 
structure  of  a  second  T  cell  antigenic  determinant,  identifying  residues  that  interact  with  the 
MHC  class  II  molecule,  and  residues  that  interact  with  T  cell  receptor.  An  analysis  of  the 
spatial  relationship  of  these  residues  suggests  that  the  determinant  does  not  assume  a  pure  alpha 
helical  secondary  structure  when  bound  to  the  MHC  class  n  molecule. 

(K.  McCoy,  Z.  Kovac,  B.  Beverly,  and  R.H.  Schwartz;  LCMI/NIAID,  S.  Gal  and  M.  Gottesman; 
LMB/NCI;  and  W.L.  Maloy;  BRB/NIAID). 
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The  Biochemical  Basis  of  T  Cell  Achvntinn  and  Inactivation 

The  ability  of  an  organism  to  discriminate  self  from  nonself  molecules  is  a  learned  biological 
event.  Clones  of  lymphocytes  that  are  capable  of  reacting  to  self  components  are  deleted  or 
suppressed  through  an  unknown  in  vivo  mechanism.  The  goal  of  this  project  is  to  understand 
the  cellular  and  biochemical  mechanisms  underlying  this  process  using  defined  in  vitro  model 
systems.   Stimulation  of  interleukin-2  (IL-2)  producing  T  cell  clones  with  antigen  and  MHC  class 
li  molecules  (la  molecules)  in  planar  lipid  membranes  or  on  chemically-modified  antigen- 
prcsenung  cells  ( APC)  results  in  a  state  of  long  lasting  proliferative  non-responsiveness  to 
subsequent  antigen  stimulation  in  the  presence  of  normal  APC.  Our  recent  experiments  have 
shown  that  the  inducDon  of  this  state  takes  place  when  T  cell  receptor  occupancy  occurs  in  the 
absence  of  a  critical  costimulatory  signal  delivered  by  the  APC.  When  this  signal  is  provided  in 
the  form  of  allogeneic  APC,  it  prevents  the  induction  of  nonresponsiveness  and  stimulates  the  T 
cell  to  proliferate.  A  biochemical  analysis  of  second  messenger  signals  inside  the  cell  revealed 
that  the  costimulatory  signal  does  not  pass  through  protein  kinase  c  activation  nor  through  the 
calcium-dependent  c'almodulin-mediated  pathway,  both  of  which  are  stimulated  by  T  cell  receptor 
occupancy.  These  results  suggest  that  the  T  cell  requires  stimulation  via  a  third  biochemical 
pathway  in  order  to  make  a  full  proliferative  response.  Lack  of  the  thu-d  signal  results  in  the 
induction  of  the  nonrcsponsive  state. 

(M.  Jenkins.  K.  Hannestad.  D.  Mueller,  R.H.  Schwanz;  LCMI/NIAID,  J.  Ashwell;  BRMP/NCI) 


This  project  is  aimed  at  defining  and  characterizing  the  series  of  developmental  events 
involved  in  the  generation  of  mature,  immunocompetent  T  cells,  and  the  selective  events  which 
determine  the  antigen-recognition  repertoire  of  these  cells.  These  studies  primarily  utilize  the 
thymus,  the  major  site  of  T  cell  differentiation  in  the  animal.  In  the  past  we  have  identified  a 
number  of  thymocyte  cell  types  and  made  possible  the  isolation  of  these  cells  at  very  high 
purity  on  a  preparative  scale.  We  have  used  these  isolated  cell  types  in  an  effon  to  define  the 
state  of  maturation,  precursor- product  and  lineage  relationships,  expression  of  T  cell  receptors, 
and  the  mechanisms  and  inductive  signals  responsible  for  growth,  differentiation,  and  selection  in 
the  thymus. 

During  the  past  year  we  have  further  characterized  the  thymic  TCRyS-bearing  cells. 
Repopuladon  kinedc  studies  using  grafted  thymuses  into  nude  mice  revealed  that  there  is  a 
nnajor  thymic-dependent  pathway  as  well  as  a  minor    thymic-independent  pathway  responsible 
for  generating  cells  bearing  this  receptor.  The  studies  in  which  hybridomas  were  made  from 
thymic  TCR'/O-t-  thymocytes  revealed  new  y  and  5  species  not  detected  in  whole  populations  of 
CD4-8-  thymocytes.   Functional  analysis  of  the  hybridomas  suggested  that  y5  receptors  used 
CD3-mediated  activanon  pathways  similar  to  those  employed  by  TCRa(3-t-  T  cells.  A  TCRa(3-(- 
double  negative  thymocyte  was  also  identified.  These  cells  have  many  of  the  characteristics  of 
nnature  T  cells  but  are  disnnguished  by  a  restricted  TCRVp  repertoire.   Intrathymic  transfer  of 
isolated  subsets  of  thymocytes  into  irradiated  recipients  revealed  that  this  TCRa(3-t-  population 
can  be  derived  from  CD4+8-  thymocytes.   In  strains  of  mice  in  which  TCRVpg.  1 -bearing 
thymocytes  are  deleted  as  a  means  of  removing  potcndally  self-rcacrive  T  cell  clones,  the 
TCRaP"*-  double  negative  thymocytes  from  these  mice  actually  show  an  enrichment  for  cells  using 
the  Vp8. 1  receptor.  These  results  suggest  a  mechanism  for  intrathymic  tolerance  generation 
whereby  potentially  autoreactive  single  positive  thymocytes  down-regulate  their  accessory 
molecules  and  become  CD4-8-aP-t-.   Finally,  results  obtained  with  in  vivo  anri-CD4  antibody 
treatment  suppon  the  hypothesis  that  CD4-t-8-t-  thymocytes  are  the  precursors  of  single  positive 
thymocytes  and  that  self  tolerance  by  clonal  deletion  occurs  at  the  CD4-t-8-t-  stage  of 
development. 

(B.J.  Fowlkes.  D.  Pardoll.  F.  Ramsdcll.  and  R.H.  Schwanz;  LCMI/NIAID) 
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Administrative.  Organizational,  and  Other  Changes 

During  the  past  year,  Drs.  Ephraim  Fuchs,  Steven  Stringfeilow,  Paul  Bacon,  and  Albert 
Bendelac,  as  well  as  Ms.  Lynda  Chiodetti  and  Ms.  Susan  Kirst  joined  the  laboratory.  Drs.  Kathy 
McCoy,  Marc  Jenkins,  Drew  Pardoll,  and  Kristian  Hannestad  as  well  as  Ms.  Gina  Stievenan  left 
the  laboratory. 

Honors.  Awards,  and  Scientific  Recognition 

Dr.  Schwartz  is  a  member  of  the  editorial  board  of  Science,  Intemationai  Immunology, 
Immunology  Today,  The  Journal  of  Molecular  and  Cellular  Immunology,  and  the  International 
Journal  of  Ceil  Cloning.  He  was  an  invited  speaker  at  the  University  of  Pennsylvania  annual 
Biomedical  Graduate  Studies  Program  Symposium,  and  at  Juntendo  University,  Tokyo,  Japan,  for  a 
symposium  entitled,  "Frontiers  in  Immunology".  He  was  an  invited  speaker  in  a  workshop  on 
"The  Molecular  Basis  of  Antigen  Presentation"  held  in  Paris,  France,  a  symposium  at  the  27th 
Midwinter  Conference  of  Immunology  in  Asilomar,  California,  a  participant  in  the  symposium  on 
"Molecular  Mechanisms  of  Lymphoid  Cell  Interaction  and  Application  to  Tumor  Immunology"  held 
in  Oahu,  Hawaii,  a  speaker  in  the  course  "Seminars  in  Immunology"  at  UCSD,  La  JoUa, 
California,  a  speaker  in  the  symposium  on  "The  Immune  System,  1988"  at  Schloss  Elmau,  West 
Germany,  a  visiting  professor  at  Tuft's  University  Medical  School,  Boston,  MA,  a  minisymposium 
chairman  at  the  Federation  of  American  Societies  for  Experimental  Biology  (FASEB)  annual 
meeting  in  Las  Vegas,  Nevada,  a  seminar  speaker  at  the  University  of  Toronto  in  Canada,  an 
invited  symposium  speaker  at  the  Third  European  Network  of  Immunology  Institutes  Conference 
held  in  Les  Embiez,  France,  chairman  of  a  session  in  the  workshop  on  the  Immunology  of 
Lysozyme  held  at  NTH,  and  a  speaker  in  the  Gordon  Conference  on  Immunochemistry  and 
Irnmunobiology  in  Andover,  New  Hampshire. 

Both  Drs.  Dan  Mueller  and  Marc  Jenkins  were  minisymposium  speakers  at  the  FASEB  annual 
meeting  in  Las  Vegas,  Nevada.  Dr.  B.J.  Fowlkes  presented  at  the  Irnmunochemistry  and 
Immunobiology  Gordon  Conference  in  Andover,  NH,  and  was  an  invited  seminar  speaker  at  the 
Department  of  Biology,  Massachusetts  Institute  of  Technology;  the  Department  of  Microbiology 
and  Immunology,  University  of  Rochester,  the  Department  of  Microbiology  and  Immunology, 
Syracuse  University;  the  Department  of  Pathology,  University  of  New  Mexico;  the  Department  of 
Pathology,  Ohio  State  University;  the  Department  of  Pathology,  University  of  Pennsylvania;  the 
Departments  of  Microbiology  and  Biochemistry,  George  Washington  University,  and  the  Jackson 
Memorial  Laboratories. 
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We  anempted  to  localize  where  inside  the  antigen- presenting  cell  andgen  processing  takes 
place.  Variants  of  CHO  cells,  possessing  temperature  sensidve  mutadons  in  their  ability  to 
acidify  endosomes.  but  not  lysosomes,  were  transfectcd  with  MHC  class  II  genes  to  allow  them 
to  present  andgcns  to  T  cell  hybridomas.  At  the  nonpermissivc  temperature  these  cells  were 
impaired  in  their  ability  to  present  intact  foreign  andgens.  which  require  processing,  but  not  in 
their  ability  to  present  pepdde  fragments,  which  do  not.  These  results  suggest  that  the 
endosome  is  one  intracellular  organelle  where  anngen  processing  takes  place.  In  a  related  study 
with  these  cells,  we  demonstrated  diat  uptake  via  the  mannose-6-phosphate  receptor  of  the 
precursor  of  cathepsin  L,  an  acid  protease,  could  interfere  with  andgen  processing  of  molecules 
whose  determinants  were  cleavable  by  the  enzyme  when  the  two  were  administered 
simultaneously.  This  observation  argues  that  antigen  passes  through  an  acidic  compartment 
dunng  some  phase  of  antigen  processing.  Finally,  we  have  functionally  mapped  the  structure  of 
a  second  T  cell  antigenic  determinant,  identifying  residues  that  interact  with  the  MHC  class  11 
molecule,  and  residues  that  interact  with  the  T  cell  receptor.  An  analysis  of  the  spatial 
relationship  of  these  residues  suggests  that  the  determinant  docs  not  assume  a  pure  alpha  helical 
secondary  structure  when  txDund  to  the  MHC  class  II  molecule. 
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Stimulation  of  interleukin-2  (IL-2)  producing  T  cell  clones  with  antigen  and  MHC  class  II 
molecules  (la  molecules)  in  planar  lipid  membranes  or  on  chemically-modified  antigen-presenting 
cells  (APC)  results  in  a  state  of  long  lasting  proliferative  nonresponsiveness  to  subsequent 
antigen  stimulation  in  the  presence  of  normal  APC.  Our  recent  experiments  have  shown  that 
the  induction  of  this  state  takes  place  when  T  cell  receptor  occupancy  occurs  in  the  absence  of 
a  critical  costimulatory  signal  delivered  by  the  APC.  When  this  signal  is  provided  in  the  form 
of  allogeneic  APC,  it  prevents  the  induction  of  nonresponsiveness  and  stimulates  die  T  cell  to 
proliferate.  A  biochemical  analysis  of  second  messenger  signals  inside  the  cell  revealed  that  the 
costimulatory  signal  does  not  pass  through  protein  kinase  c  activation  nor  through  the  calcium- 
dependent  calmodulin-mediated  pathway,  both  of  which  are  stimulated  by  T  cell  receptor 
occupancy.  These  results  suggest  that  the  T  cell  requires  stimulation  via  a  third  biochemical 
pathway  in  order  to  make  a  full  proliferative  response.  Lack  of  the  third  signal  results  instead 
in  the  induction  of  the  nonresponsive  state. 
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We  have  funher  charactenzed  various  cell  types  in  the  mouse  thymus  by  biochemical, 
phenotypic.  functional  and/or  differentiation  potential.  We  have  shown  that  T  cell  receptor 
(TCR)  yo-t-  CD4-8-  (double  negative)  thymocytes  are  the  major  source  of  such  cells  in  the 
peripheral  lymphoid  organs.  A  minor  extrathymic  pathway  also  exists  for  generating  y5+  T  cells. 
The  TCR76  on  thymocytes  is  associated  with  the  same  CD3  components  and  is  activated  by  the 
same  stimuli  that  activates  TCRa(3  T  cells.  A  TCRaP+  double  negative  thymocyte  was  also 
identified.  These  cell  have  many  of  the  characteristics  of  mature  T  cells  but  arc  distinguished 
by  a  restricted  TCRV(3  repenoire.  Intrathymic  transfer  of  isolated  subsets  of  thymocytes  into 
irradiated  recipients  revealed  that  the  TCRaP+  cells  can  be  derived  from  CD4+8-  thymocytes. 
In  strains  of  mice  in  which  TCRVpS.l -bearing  thymocytes  arc  deleted  as  a.  means  of  removing 
potentially  self-reactive  T  cell  clones,  the  TCRap-t-  double  negative  thymocytes  show  an 
enrichment  for  cells  using  the  vps.l  receptor.  Finally,  results  obtained  with  in  vivo  anti-CD4 
antibody  treatment  suppon  the  hypothesis  that  CD4-t-8-t-  thymocytes  arc  the  precursors  of  single 
positive  thymocytes  and  that  self- tolerance  by  clonal  deletion  occurs  at  the  CD4-t-8+  stage  of 
development. 
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Summary  of  Report 

LABORATORY  OF  CLINICAL  INVESTIGATION 

October  1,  1987  to  September  30,  1988 

Michael  M.  Frank,  M.D.,  Chief  of  Laboratory 

and  Clinical  Director,  NIAID 


INTRODUCTION 


This  has  been  a  fine  year  for  the  Laboratory  of  Clinical  Investigation. 
Several  new  members  of  the  staff  have  joined  the  laboratory  in  this  period.  Dr.  Tom 
Leto  has  joined  the  Bacterial  Diseases  Section  and  Dr.  Robert  Hohman  the  Allergic 
Diseases  Section,  Dr.  David  Melnick,  although  not  formally  a  member  of  the 
Laboratory  of  Clinical  Investigation  has  come  to  participate  in  many  of  the  patient 
care  activities  of  the  Bacterial  Diseases  group.   There  have  been  notable 
achievements  in  the  research  area.   These  will  be  discussed  sequentially  under  each 
of  the  section  topics. 

Infectious  Diseases  Program 

Medical  Virology  Section: 

The  Medical  Virology  program  has  had  a  number  of  notable  discoveries  during 
the  course  of  the  year.   Possibly  most  important  involves  the  nature  of  latency. 
Viruses  which  have  the  characteristic  of  latency  are  able  to  enter  cells  and 
persist  for  prolonged  periods  of  time.   They  may  be  eventually  expressed  and  cause 
disease  at  a  much  later  period.   Thus  an  individual  who  has  varicella  as  a  child 
may  harbor  latent  virus  and  express  this  virus  decades  later  at  the  time  of  lowered 
resistance  in  the  form  of  herpes  zoster  infection.   It  has  been  known  that  in  this 
situation  the  virus  is  localized  in  dorsal  root  ganglia  and  when  re-expressed 
cutaneous  disease  tends  to  be  expressed  in  a  dermatome  distribution,  reflecting  the 
distribution  of  nerves  from  the  infected  ganglion.   In  the  past  year,  there  has 
been  analysis  of  both  varicella  and  herpes  simplex  latency  in  human  trigeminal 
ganglia.   The  technique  used  was  in  situ  hybridization.   A  novel  class  of  RNA 
transcribed  from  the  herpes  simplex  genome  in  latently  infected  human  ganglia  has 
been  noted.   Dr.  Straus  and  his  group  can  now  detect  these  latent  transcripts  by 
northern  hybridization  analysis  as  well.   Basically,  the  group  has  been  able  to 
demonstrate  that  several  of  the  early  antigens  coded  for  by  the  virus  play  an 
important  role  in  the  latency  process.   Although  these  antigens  which  this  virus 
codes  for  are  not  expressed,  the  alternate  DNA  codons  or  anti-sense  protein  is 
expressed  in  the  latent  virus.   Since  it  is  known  that  such  anti-sense  protein  may 
bind  to  the  positive  transcript,  this  suggests  that  latency  in  this  case  is 
triggered  by  a  "turn  off  switch"  mechanism.   Of  great  importance  is  the  finding 
that  the  virus  is  located  in  the  neuronal  cells  of  this  ganglion.   The  nature  of 
the  transcripts  is  being  defined.   Varicella  virus  has  been  also  found  by  in  situ 
hybridization  in  these  same  trigeminal  ganglia.   Unlike  herpes  simplex  these 
viruses  have  been  found  in  accessory  cells  and  not  in  the  neurons .   The  nature  of 
latency  in  this  case  appears  to  be  different  since  much  of  the  viral  genome  is 
transcribed  rather  than  a -very  restricted  number  of  genes. 

The  group  has  also  made  important  strides  in  its  studies  of  genital  herpes  in 
normal  and  immune  impaired  patients.   They  currently  have  data  on  five  years  of 
suppressive  acyclovir  therapy  in  patients  with  frequent  recurring  herpes  genitalis. 
Studies  have  shown  the  drug  to  have  remained  effective,  to  be  well  tolerated  and 
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not  to  induce  viral  resistance.   After  a  long  period  of  treatment  some  patients 
have  less  frequent  recurrences.   The  role  of  herpes  virus  as  a  possible  cofactor  in 
the  progression  of  pathogenesis  of  acquired  immune  deficiency  syndrome  (AIDS)  is 
also  being  investigated.   Using  a  model  system,  with  part  of  the  HIV  virus  genome 
inserted  into  indicator  cells,  it  has  been  possible  to  show  that  herpes  virus 
infection  turns  on  HIV  transcription.   The  biochemical  mechanism  for  this  effect  is 
currently  being  resolved.   Presumably,  herpes  simplex  virus  infection  stimulates 
the  release  of  an  active  gene  product  that  is  required  for  HIV  long  terminal  repeat 
directed  transcription. 

Bacterial  Diseases  Section: 

Drs.  Malech,  Gallin  and  the  group  of  the  Bacterial  Diseases  Section  have  also 
made  noteworthy  progress  during  the  past  year.   A  major  focus  of  the  group  has  been 
in  studies  of  chronic  granulomatous  disease,  since  this  represents  an  inherited 
cellular  defect  that  has  the  possibility  of  being  defined  in  molecular  terms. 
Moreover,  a  large  population  of  patients  with  chronic  granulomatous  disease  is 
followed  by  the  section,  allowing  studies  to  be  done  at  the  NIK  that  could  not  be 
done  elsewhere.   The  group  has  shown  that  chronic  granulomatous  disease  (CGD)  is  a 
heterogeneous  group  of  diseases  resulting  from  defects  in  HjOj  production  by 
phagocytes.   The  sex  linked  form  of  the  disease  results  from  a  defect  in  the  gene 
coding  for  a  91)cD  subunit  of  cytochrome  B,  an  enzyme  required  for  oxidative 
function  of  phagocytes.   In  the  past  year,  the  group  has  shown  that  different 
kindreds  have  different  abnormalities  of  this  gene.   Some  patients  make  no  RNA 
message  coding  for  the  protein;  others  make  message  but  no  protein  and  a  third 
group  make  a  functionally  defective  protein.   Recently  the  group  has  also  shown 
that  there  are  two  forms  of  cytochrome  B  positive  autosomal  recessive  varieties  of 
CGD.   The  most  common  form  is  associated  with  a  missing  47kD  cytosolic  protein 
whose  phosphorylation  is  important  in  activation  of  neutrophils.   It  is  likely  that 
the  molecular  pathology  of  this  disease  will  be  well  understood  shortly. 

Further  work  continues  on  the  differentiation  of  neutrophils  with  the 
development  of  monoclonal  antibodies  that  recognize  subpopulations  of  these  ceils. 
The  use  of  such  monoclonal  antibodies  will  help  decide  whether  changes  in  the  types 
of  cells  circulating  in  various  inflammatory  conditions  reflects  differentiation  of 
one  group  of  cells  or  subgroups  of  cells  capable  of  different  neutrophil  functions. 
Much  of  the  work  of  the  group  has  involved  studies  of  receptor  function  on 
phagocytes.   Phagocytes  have  receptors  for  interleukin-2  and  it  is  interesting  that 
the  group  found  that  patients  with  AIDS  who  are  receiving  interferon-y  or 
interleukin-2  differ  in  the  number  of  secondary  infections  noted,  although  both 
cytokines  are  capable  of  stimulating  neutrophils.   Patients  receiving  interferon-y 
had  markedly  fewer  bacterial  infections  than  those  receiving  interleukin-2.   The 
effect  of  interferon-7  on  neutrophils  and  monocytes  from  patients  with  CGD  was  also 
studied.   It  is  fascinating  to  note  that  interferon-y  corrected  the  bactericidal 
defects  in  the  phagocytes  of  many  CGD  patients.   This  occurred  in  some  individuals 
who  did  not  develop  an  oxidative  burst  because  they  had  no  cytochrome  B,  suggesting 
that  mechanisms  for  bacterial  killing,  other  than  the  oxidative  burst,  can  be 
activated  by  interferon-y.   This  raises  important  therapeutic  considerations  in  the 
treatment  of  this  unfortunate  group  of  patients.   It  was  also  shown  that 
interferon-7  downregulates  hyperimmunoglobulin-E  synthesis  in  cells  of  patients 
with  the  hyperglobulin-E  frequent  infection  (Job's  syndrome).   Interferon-y  was 
also  shown  to  cause  granuloma  formation  in  vitro.   Of  course,  granulomas  represent 
one  of  the  major  toxic  manifestations  of  chronic  granulomatous  disease. 
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One  of  the  major  transduction  mechanisms  in  the  neutrophil  membrane  is 
represented  by  G  proteins.   These  proteins  interact  with  receptors  and  GTP  to 
transduce  signals  and  upregulate  or  downregulate  cell  function.   A  chemotactic 
factor  receptor  as  well  as  one  of  the  inhibitory  G  proteins  are  present  and 
functionally  coupled  in  an  intracellular  pool  in  neutrophils .   An  antibody  has  been 
developed  that  recognizes  cytochrome  B.   This  antibody  shows  that  most  of  the 
protein  is  intracellular  in  resting  neutrophils  and  translocates  to  the  surface 
with  activation.   Two  proteins,  one  of  47kD  and  one  of  65kD  are  essential  for 
transduction  effects  in  neutrophils  leading  to  superoxide  production. 
Interestingly,  the  cytoskeletal  protein  fodrin  was  found  to  be  the  major  calmodulin 
binding  protein  in  neutrophils . 

Clinical  Mycology  Section: 

The  Clinical  Mycology  group  has  continued  its  studies  of  fungal  pathogenesis. 
Human  alveolar  macrophages  obtained  by  bronchial  lavage  were  found  to  bind 
Aspergillus  fumigatus  conidia  by  lectin-like  interactions  that  are  inhibited  by 
monosaccharides  and  glycans.   At  least  two  different  receptors  were  involved  in 
this  binding.   An  attempt  is  being  made  to  raise  antibodies  against  such  receptor 
proteins .   The  group  has  been  very  interested  in  amphotericin  B  packaged  in 
liposomes.   In  various  models  these  have  been  found  to  be  far  less  toxic  than  the 
amphotericin  B  that  we  give  to  patients  with  fungal  infection  but  equally 
effective.   Blood  and  tissue  levels  of  these  packaged  antibiotics  are  similar  to 
the  levels  found  with  the  usual  dosage  regimen.   Presumably,  the  liposmal 
preparations  will  concentrate  the  drug  in  macrophages  and  other  phagocytic  cells 
where  it  may  be  far  more  effective.   Further  studies  of  this  material  are  under 
way. 

Dr^  June  Kwon-Chung  has  continued  her  studies  of  the  molecular  biology  and 
antigenic  variation  of  both  cryptococci  of  various  types  and  Candida  species .   The 
mitochondrial  genome  size  of  two  varieties  of  Cryptococcus  neoformans  were  found  to 
vary  between  40  and  45  kilobases .   Previously  the  group  had  shown  two  phenotypic 
varieties  of  Candida  and  had  gone  on  to  show  that  these  two  varieties  differ  in 
their  pathogenicity.   Now  a  genetic  basis  for  this  difference  has  been  discovered 
which  may  allow  more  sophisticated  analysis  of  pathogenesis  to  take  place. 

Immunology  Program 

Clinical  Immunology  Section: 

The  immunology  program  of  the  Laboratory  of  Clinical  Investigation  in  many 
ways  dovetails  with  the  microbial  pathogenesis  program.   Dr.  Louis  Fries,  in  the 
past  year,  has  studied  the  role  of  complement  in  parainfluenza  type  3  infection. 
In  the  parainfluenza  virus  studies  it  has  been  shown  that  certain  IgM  monoclonal 
antibodies  to  the  hemagglutinin-neuraminidase  protein  can  produce  neutralization  in 
the  presence  of  an  active  complement  cascade.   This  activity  is  totally  dependent 
on  viral  lysis  and  must  proceed  the  classical  complement  pathway.   Interestingly, 
the  virus  itself  is  a  spontaneous  activator  of  the  classical  pathway  and  binds  the 
same  components  of  complement  to  its  surface.   However,  this  binding  does  not  lead 
to  viral  lysis  in  the  absence  of  specific  antibody  directing  complement  assembly. 
The  model  is  important  in  understanding  the  early  steps  of  viral  neutralization  and 
also  important  in  understanding  the  molecular  basis  of  how  antibody  causes 
complement  component  assembly  on  a  particle  surface.   Studies  of  herpes  simplex 
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virus  type  I  have  shown  that  the  viral  genome  causes  synthesis  of  a  protein  which 
acts  as  a  C3  fragment  receptor.   Dr.  Fries  and  his  group  have  shown  that  isolated 
glycoprotein  responsible  for  this  activity  is  a  potent  modulator  of  complement 
mediated  cytolysis  in  vitro  and  has  demonstrated  several  mechanisms  for  this 
effect.   In  more  recent  worlc  they  have  shown  that  herpes  simplex  type  II  also 
induces  expression  of  a  C3b  binding  protein  like  HSVl  but  this  protein  has  totally 
different  regulatory  properties  with  respect  to  the  complement  cascade.   Working 
with  Dr.  Harvey  Friedman  at  the  University  of  Pennsylvania  a  stably  transfected 
murine  cell  line  which  expresses  herpes  simplex  virus  protein  gC  under  control  of 
an  inducible  promoter  has  been  developed.   These  systems  are  being  used  to  study 
the  binding  site  for  C3b  on  the  protein  and  the  biological  consequences  of  a  C3 
binding  protein  in  the  cell  membrane.   Presumably  such  a  protein  will  prevent  the 
cell  from  attack  by  immunologic  mechanisms  thereby  protecting  the  virus. 

In  a  second  major  area,  the  interactions  of  C3b  with  immunoglobulin  G  have 
been  further  studied.   Earlier  studies  showed  that  IgG  antibody  is  an  excellent 
acceptor  for  activated  C3b  and  tends  to  form  a  stable  complex.   It  has  been  shown 
that  such  stable  complexes  are  far  more  effective  in  killing  bacteria  than  are 
either  antibody  or  complement  alone.   The  reason  for  this  is  in  part  because  C3b 
bound  to  IgG  is  in  a  protected  site  and  cannot  be  inactivated  by  control  proteins 
as  it  is  normally  and  also  because  the  antibody  directs  complement  attack.   In  the 
past  year  high  affinity  interactions  involving  C3b-IgG  heterodimer  and  phagocytic 
ceils  have  been  studied.   It  has  been  shown  that  individual  molecules  of  IgG  become 
far  more  effective  in  pathophysiologic  terms  when  they  are  bound  to  single 
molecules  of  C3b.   C3b-IgG  complexes  display  unique  opsonic  activity  not  reproduced 
by  C3b  and  IgG  randomly  located  on  the  surface  of  a  particle.   Studies  of  the 
behavior  of  the  C3  receptor  have  also  been  conducted  during  this  year.   These 
studies  have  shown  that  the  receptor  cycles  through  a  pre-lysosomal  compartment 
after  the  cell  is  activated.   Surprisingly  it  has  been  shown  that  multi-valent 
preligation  of  CRl  of  human  macrophages  significantly  upregulates  subsequent  IgG- 
mediated  phagocytosis  of  particles  coated  with  IgG.   The  mechanism  for  this  is 
currently  under  study. 

An  exciting  development  of  the  section  this  year  has  been  the  discovery  of  a 
new  plasma  protein  present  in  relatively  large  concentrations  in  human  serum.   This 
120kD  glycoprotein  is  a  poor  antigen  explaining  its  failure  to  be  identified  thus 
far.   This  protein  specifically  binds  to  inactivated  C4  and  has  many  similarities 
to  C2 .   At  this  point  it  appears  to  have  domains  in  common  with  C2  but  it  is 
present  even  in  C2  deficient  human  serum.   The  protein  acts  as  a  regulator  of  the 
classical  complement  pathway  and  can  inhibit  both  CI  and  C2  interactions  in  the 
classical  pathway  as  well  as  C3  site  formation.   The  biochemistry  and  functional 
significance  of  this  new  plasma  protein  are  currently  under  study. 

Previous  studies  from  the  group  had  shown  that  scavengers  of  the  oxidative 
burst  can  upregulate  phagocytic  Fc  receptor  function  on  granulocytes.   Methionine 
and  taurine,  which  block  n-chloramines  and  hypochlorous  acid  respectively  where 
shown  to  increase  the  ingestion  of  IgG  coated  cells  by  three  to  five  fold.   These 
inhibitors  also  increased  the  adherence  of  IgG  antibody  coated  targets  to 
neutrophils  while  having  no  effect  on  adherence  of  C3  coated  targets.   These 
results  further  suggest  that  the  long-lived,  toxic  products  of  myeloperoxidase 
(MPO)  halida  system  are  primarily  responsible  for  downregulation  of  neutrophil 
phagocytosis.   These  products  appear  to  interfere  with  the  function  of  PMN  FcR  but 
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not  PMN  CRl .   Studies  this  year  have  also  detailed  the  phagocytic  function  of 
neutrophils  of  patients  with  acute  bacterial  infections.   They  have  shown  that  such 
Fc  receptor  function  is  markedly  upregulated  and  longitudinal  studies  have  shown 
that  this  upregulation  coincides  with  the  duration  of  infection.   Studies  of  Fc 
receptor  number  have  shown  that  FcRl  increase  dramatically  during  acute  infection 
but  that  Fc  il  and  III  do  not.   Interestingly,  neither  CRl  nor  CR3  complement 
receptors  increase  in  number  on  the  surface  of  cells  during  infection.   However, 
CR3  but  not  CRl  are  capable  of  phagocytosis  by  these  infected  cells.   Studies  have 
also  been  performed  of  patients  with  angioedema,  particularly  an  acquired  form. 
These  patients  have  been  shown  to  synthesize  antibody  to  one  of  their  own  plasma 
proteins,  the  CI  esterase  inhibitor.   Work  this  year  has  shown  that  such  antibodies 
not  only  influence  the  complement  cascade  but  prevent  normal  regulation  of  the 
kinin  generating  system  as  well.   Interestingly,  their  effects  on  kallikrein  are 
much  greater  than  their  effects  on  Hageman  factor  suggesting  that  different  sites 
on  CI  inhibitor  may  be  involved  in  each  of  these  inactivations  or  that  the 
antibodies  do  not  recognize  the  precise  site  of  inactivation.   Moreover,  they 
suggest  that  the  clinical  illness  in  these  patients  is  more  likely  related  to 
kallikrein  disregulation  that  Hageman  factor  disregulation. 

Mucosal  Immunity  Section: 

The  mucosal  immunity  section  has  also  had  important  scientific  advances  during 
the  past  year.   An  enormous  amount  of  work  has  been  done  in  defining  at  the 
cellular  and  molecular  level  the  signalling  events  in  IgA  heavy  chain  class 
switching.   In  the  normal  GI  tract  cells  committed  to  making  IgM  antibody  can  be 
switched  to  making  IgA.   These  studies  have  used  a  specific  antigen  reactant  B  cell 
line  as  well  as  normal  purified  immunoglobulin  M(+)  B  cells.   Studies  with 
recombinant  lymphokines  disclosed  that  IL-4  induces  an  increase  in  the  percentage 
of  sIgA  (+)  cells  to  6-15%  with  minimal  effects  on  IgA  secretion.   On  the  other 
hand,  IL-5  causes  increased  IgA  secretion  but  has  no  effect  on  expression. 
Addition  of  both  lymphokines  causes  increased  IgA  expression  as  well  as  increased 
IgA  secretion,  suggesting  that  it  is  the  sequential  effect  of  both  lymphokines  that 
causes  the  switching.   Other  lymphokines  do  not  have  this  effect.   Complementary 
studies  with  normal  b  cells  obtained  from  Peyer's  patches;  patches  of  lymphocytes 
within  the  bowel,  show  that  sIgA  (+)  B  cells  are  induced  by  IL-5  to  secrete 
increasing  amounts  of  IgA.   It  will  be  of  importance  to  find  out  whether  IgA-B 
cells  can  be  caused  to  switch  their  secretory  profile  by  IL-4  treatment.   The  group 
has  also  had  great  success  in  studying  the  profile  of  cells  formed  during  various 
kinds  of  inflammatory  gastrointestinal  disease.   For  example,  in  studies  of  primary 
biliary  cirrhosis  (PBC)  a  particular  population  of  cells  that  are  CD4 (+)  Leu8 (+)  T 
cells  from  patients  with  this  disease  do  not  suppress  immunoglobulin  synthesis  as 
do  cells  from  normal  individuals.   In  normal  individuals  treatment  of  such  cells 
with  anti-Leu8  antibody  enhances  their  suppressor  function.   This  does  not  occur  in 
patients  with  primary  biliary  cirrhosis.   Interestingly,  the  proliferative  response 
of  CD4(+)  Leu8(-)  T  cells  from  patients  with  PBC  and  controls  were  similar  but  the 
proliferative  response  of  CD4 (+)  Leu8 (+)  T  cells  from  patients  with  PBC  were  lower 
than  those  of  controls.   This  suggests  that  a  defect  in  the  cell  population  may 
play  a  critical  role  in  the  development  of  this  disease. 

Studies  of  non-human  primate  bowel  lymphocytes  have  also  continued.   It  has 
been  shown  that  circulating  T  cells  respond  to  IL-4  while  lamina  propria  T  cells  do 
not.   The  latter  cells  however  do  respond  to  rIL-2  and  to  the  mitogen  conA.   Other 
studies  have  shown  the  ability  of  such  cells  supernatants  to  stimulate 
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proliferation  of  various  types  of  B  cells.   These  studies  show  for  the  first  time 
that  two  major  lymphoid  compartments  of  the  intestinal  immune  system  co-exist  in 
the  mesenteric  lymph  nodes  and  that  these  compartments  differ  in  their  response  to 
iymphokines . 

Studies  of  the  expression  of  Leu-8  in  various  cells  during  the  differentiation 
process  and  when  activated  have  also  been  underway.   Many  of  these  stimuli  cause  a 
decline  in  Leu-8  expression  but  other  stimuli  do  not  lead  to  such  loss  of 
expression.   This  loss  of  Leu-8  expression  is  reversible.   Interestingly,  with  the 
loss  of  Leu-8  positivity  T  cells  continue  to  express  their  suppressor  function 
suggesting  that  this  molecule,  though  an  important  recognition  molecule  for 
identifying  these  cells  is  not  the  critical  molecule  in  maintaining  their 
suppressor  activity.   The  microenvironment  of  the  GI  tract  is  obviously  of  critical 
importance  in  determining  expression  and  function  of  these  cells. 

Allergic  Diseases  Program 

Allergic  Diseases  Section: 

Dr.  Michael  Kaliner's  group  has  been  involved  in  many  projects  designed  to 
explore  the  pathophysiologic  mechanisms  responsible  for  the  development  of  allergic 
disease.   Studies  have  ranges  from  examination  of  biochemical  events  in  lung  tissue 
to  studies  of  the  skin.   For  example,  it  was  found  that  in  guinea  pig  lung, 
epithelial  cells  and  smooth  muscle  cells  were  the  most  responsive  cells  to 
isoproternol  as  evidenced  by  changes  in  cyclic  AMP.   This  drug  obviously  is  of 
great  importance  in  the  treatment  of  asthma.   Patients  with  gram  negative  shock 
were  studied  for  the  appearance  of  histamine  in  their  blood.   Plasma  histamine 
levels  in  these  patients  was  found  to  be  normal  or  below  normal.   An  inhibitor  of 
the  enzyme  responsible  for  the  formation  of  histamine  was  found  in  these  patients. 
Skin  histamine  was  found  to  be  high  in  patients  developing  vibrational  angioedema, 
showing  that  it  is  possible  to  measure  histamine  levels  in  human  beings  during 
cutaneous  attacks  of  disease.   New  assays  were  developed  for  histamine  and  other 
biologic  mediators  of  immediate  hypersensitivity.   In  studying  these  mediators  it 
was  shown  that  the  gaps  that  appear  between  endothelial  cells  that  appear  to  allow 
leakage  of  fluid  from  the  intravascular  space  to  the  extravascular  space  are  larger 
than  140  A  but  are  the  same  for  all  of  the  various  mediators  studied. 

The  neuropeptides  have  been  under  investigation  in  this  laboratory  for  a 
number  of  years.   It  was  suggested  that  neurogenic  stimulation  of  sensory  nerves 
leads  to  increased  cutaneous  microvascular  permeability  with  these  agents  but  does 
not  involve  mast  cell  degranulation. 

Human  neutrophils  release  a  factor  which  causes  rat  RBL  cells  to  release 
histamine.   This  histamine  releasing  factor  from  neutrophils  has  been  further 
characterized.   It  has  been  shown  to  activate  cutaneous  human  mast  cells  in  vivo 
and  in  vitro.   The  factor  has  been  shown  to  have  one  fraction  with  the  molecular 
size  of  approximately  2500.   It  acts  independently  of  IgE  and  can  be  differentiated 
from  other  early  histcunine  releasing  factors.   It  seems  likely  that  this  factor  may 
participate  in  human  late  phase  allergic  reactions. 

Anaphylaxis  associated  with  menses  in  women  has  been  a  particular  interest  to 
this  group  over  the  years.   Subgroups  of  patients  have  been  defined  and  four 
individuals  responsive  to  an  LH-RH  analog  have  been  treated.   The  pathophysiology 
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of  this  disease  is  under  further  study  at  present.   Dr.  Hohman  has  been  studying 
rat  basophil  leukemia  cells  (RBL  cells)  and  their  degranulation  events  as  a  way  of 
understanding  the  molecular  events  which  occur  during  this  process.   Methods  have 
been  developed  for  permealizing  cells  in  such  a  way  that  water  soluble  agents  can 
be  introduced  into  the  cell  causing  degranulation  without  killing  the  cells  and 
without  separating  proteins  that  must  be  in  contact  to  allow  the  degranulation 
events  to  take  place.   It  will  be  possible  to  study  such  cells  to  determine 
intermolecular  relationships  required  for  the  degranulation  process. 

Studies  of  nasal  mucosa  physiology  have  also  been  in  progress.   Rhinitis  is 
the  common  final  pathway  of  many  allergy  events.   Provocation  of  nasal  mucosa 
causing  protein  secretion  has  been  studied  in  detail  to  determine  which  proteins 
are  secreted  actively  and  which  are  simply  a  product  of  endothelial  cell  leakage  of 
plasma  proteins.   Histamine  was  found  to  cause  increased  vascular  permeability  and 
this  could  be  blocked  with  an  antihistamine.   Methacholine  on  the  other  hand  caused 
selective  granular  secretion  as  reflected  by  increases  in  total  protein,  secretory 
IgA,  lysozyme,  lactoferin  and  IgG.   These  effects  were  inhibited  by  atropine. 

Mast  Cell  Physiology  Section: 

Dr.  Metcalfe's  group  continues  to  study  mast  cell  growth  and  differentiation. 
Human  bone  marrow,  under  the  influence  of  IL-3  and  in  suspension  was  shown  to  give 
rise  to  10  to  30%  basophils  and  these  could  be  cultured  for  2  to  3  weeks  under  the 
appropriate  conditions.   Granulocyte-macrophage  colony  stimulating  factor  was  shown 
to  inhibit  this  IL-3  effect .   The  proteoglycans  of  human  mast  cells  were  further 
characterized.   Interestingly,   it  was  shown  that  products  of  the  oxidative  burst 
degrade  these  proteoglycans . 

Dr.  Metcalfe  and. his.  group  now  have  the  largest  population  of  patients  with 
mastocytosis  to  be  followed  anywhere.   They  have  been  able  to  develop  a  new 
classification  of  this  disease  and  new  methods  of  treatment.   They  are  currently 
involved  in  a  double  blind  study  comparing  ketotifen,  a  mast  cell  stabilizing  drug, 
and  antihistamines  in  the  treatment  of  one  of  the  milder  forms  of  this  disease. 
The  entire  clinical  spectrum  of  the  disease  has  been  defined  and  the  types  of 
therapy  suitable  for  each  stage  of  the  illness  have  been  further  identified. 
Staging  techniques  including  bone  marrow  studies,  bone  scans  and  radiographic 
studies  have  been  utilized. 

Studies  of  the_ diagnosis  and  treatment  of  adverse  reactions  to  foods  and 
additives  have  also  continued.   It  has  been  shown  that  patients  with  shrimp  allergy 
have  allergy  to  three  substances,  one  of  which  is  a  tRNA  from  the  shrimp.   This 
antigen  plus  two  glycoproteins  are  responsible  for  shrimp  hypersensitivity  leading 
the  way  to  production  of  improved  diagnostic  and  therapeutic  methods  of  treatment. 
Studies  of  aspartame  hypersensitivity  have  not  revealed  problems  with  this 
important  food  additive. 
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Honors  and  Awards: 

Two  members  of  the  Laboratory  of  Clinical  Investigation,  Drs.  Harry 
Malech  and  Dean  Metcalfe,  were  elected  to  the  American  Society  for 
Clinical  Investigation  this  year.   At  this  point,  all  tenured  members  of 
the  Laboratory  of  Clinical  Investigation  are  members  of  the  ASCI,  the 
highest  honorary  society  for  those  involved  in  clinical  investigation. 

Dr.  Stephen  Straus  received  the  meritorious  service  award  from  the 
Public  Health  Service  and  Dr.  Ken  Croen,  of  that  section,  has  received 
the  American  Society  of  Microbiology  Young  Investigator  Award. 
Dr.  Warren  Strober  received  the  Public  Health  Service  Distinguished 
Service  Award.   Dr.  Warren  Strober  was  elected  Chairman  of  the  Board  in 
Allergy/ Immunology,  replacing  Dr.  Michael  Kaliner  the  previous  Board 
Chairman. 

Dr.  John  E.  Bennett  was  appointed  to  the  Subspecialty  Board  in 
Infectious  Disease  of  the  American  Board  of  Internal  Medicine. 
Dr.  Michael  Frank  delivered  the  16th  Max  Finland  Lecture  in  Infectious 
Disease  at  Harvard  Medical  School  and  was  appointed  Chairman  of  the 
Scientific  Advisory  Board  of  the  Leonard  Wood  Memorial,  American  Leprosy 
Foundation.   Dr.  Frank  is  blocJc  chairman  for  the  area  of  complement  for 
the  Federation  of  Societies  in  Experimental  Biology  and  Dr.  Kaliner  is 
block  chairman  for  the  Immediate  Hypersensitivy  Group. 
Dr.  John  Gallin  received  the  highly  prestigious  Squibb  Award  of  the 
Infectious  Disease  Society  of  America  as  well  as  a  meritorious  service 
award  from  the  Public  Health  Service.   He  received  a  Doctor  of  Science, 
Honoris  Causa,  Amherst  College,  May  29,  1988  and  was  elected  vice- 
president  of  the  International  Society  of  the  Immunocompromised  Host. 
Dr.  Harry  Malech  was  elected  a  member  of  the  European  Society  for 
Clinical  Investigation.   Dr.  Michael  Frank  was  asked  to  serve  on  the 
directorate  for  the  International  Congress  of  Immunology. 
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Human  alveolar  macrophages  obtained  by  bronchial  lavage  were  found  to  bind 
Aspergillus  fumigatus  conidia  by  lectin-like  interections  that  v/ere  inhibitable  by 
monosaccharides  and  glycans  that  represent  at  least  two  different  receptors.  These 
did  not  include  the  complement  receptors  but  did  include  lectins  recognizing  beta 
glucan  and  chitin-like  saccharides.  Polyclonal  antibody  is  being  raised  against 
a  similar  family  of  receptors  on  the  murine  macrophage  cell  line,  J774A1 ,  in  order 
to  facilitate  purification  of  receptor  proteins. 

Liposomal  amphotericin  B  of  very  small  particle  size  was  found  to  be  less  toxic  but 
squally  effective  as  desoxychol ate  amphotericin  B  in  a  murine  model  of 
cryptococcosis.  Blood  and  tissue  concentrations  of  the  liposomal  amphotericin  B 
nere   also  measured  in  animals  and  found  to  be  comparable  to  the  desoxychol ate 
complexed  drug.  Using  another  preparation  of  liposomal  amphotericin  B,  release  of 
IL-1  and  TNF  from  human  blood  mononuclear  cells  was  less  with  liposomal  than 
desoxychol ate  amphotericin  B,  offering  an  explanation  for  reduced  pyrogenicity 
3bserved  with  the  liposomal  product. 

In  experimental  disseminated  murine  sporotrichosis,  two  new  triazole  compounds 
Here   found  to  be  effective  but  an  allyl amine,  terbinafine,  was  not  effective. 

In  an  study  of  the  immunogenicity  of  different  preparations  of  rabbit  IgG, 
differences  in  glycosylation  could  not  be  detected  and  did  not  account  for  the 
differing  immunogenicity  in  mice. 
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A  recently  defined  subgroup  of  patients  with  acquired  angioedema  (AAE)  were 
found  to  elaborate  autoantibodies  to  CI  inhibitor  (Cl-Inh) .   The  Cl-Inh  molecule 
is  important  in  regulating  CI  activation,  but  also  represents  the  major  control 
mechanism  influencing  the  enzymes  of  the  contact  system:   activated  Hageman 
factor  (Xlla) ,  Hageman  factor  fragment  (Xllf ) ,  and  plasma  kallikrein  (KK) .   Since 
uncontrolled  action  of  these  enzymes  could  promote  both  Cl-Inh  consumption  and 
generation  of  the  vasoactive  peptide  bradykinin,  we  have  examined  the  impact  of 
the  AAE  Cl-Inh  autoantibodies  on  the  control  of  the  contact  enzymes  KK  and  Xllf 
by  normal  plasma  Cl-Inh. 

Endogenous  plasma  kallikrein  showed  enhanced  survival  in  AAE  plasmas  similar 
to  that  seen  in  untreated  hereditary  angioedema  (HAE)  plasmas.   Mixing  HAE  or  AAE 
plasmas  with  normal  plasma  revealed  partial  correction  of  the  HAE  plasma  defect 
but  little  or  no  change  of  the  AAE  plasma  defect.   This  finding  implies  active 
inhibition  of  Cl-Inh  function  by  AAE  plasmas. 

When  immunoglobulin  concentrates  from  AAE  plasmas  were  mixed  with  normal 
plasmas  the  kinetics  of  exogenous  KK  inhibition  demonstrated  progressive,  dose 
responsive  retardation  and  the  concentrates  induced  KK  inhibitory  defects  like 
those  observed  in  HAE  plasmas. 

In  marked  contrast  defects  in  Xllf  inhibition  obtained  at  immunoglobulin 
doses  simulating  patient  plasmas  were  small  relative  to  those  found  in  HAE  plasma 
and  in  general  there  was  less  than  a  two-fold  prolongation  of  Xllf  survival. 
Enzyme-linked  differential  antibody  immunoabsorbent  assays  confirmed  that  all 
three  patient  antibodies  had  more  profound  effects  on  KK-Cl-Inh  complex  formation 
than  on  complex  formation  between  Cl-Inh  and  factor  Xll-derived  enzymes. 

These  studies  indicate  that  the  autoantibodies  elaborated  by  AAE  patients 
can  cause  dysregulation  of  the  contact  system  as  well  as  the  complement  cascade. 
This  derangement  in  control  of  the  contact  system  could  contribute  to  the 
consumption  of  Cl-Inh  and  production  of  angioedema  in  these  patients. 
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The  goal  of  these  studies  is  to  increase  understanding  of  the  pathogenesis  of  parasitic 
diseases  and  to  improve  their  diagnostic,  therapeutic  and  preventative  measures.  Investigations 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

In  the  past  year  attention  has  returned  to  the  studies  of  antibody  and 
complement  in  the  clearance  of  erythrocytes  from  the  circulation.   Specific 
questions  include  the  reasons  for  the  difference  between  effects  of  IgG  and  IgM 
antibodies.   IgG  antibody  causes  splenic  sequestration  at  low  doses,  IgM  antibody 
causes  hepatic  sequestration.   In  both  cases,  complement  is  required  for  this 
effect.   A  second  question  is  the  complement  receptors  involved  in  such  clearance 
mechanisms . 

Major  findings  this  year  include  the  unexpected  finding  that  on  a  per 
complement  fixing  site  basis,  IgM  antibody  deposits  far  more  C3  on  a  target  than 
does  IgG.   The  kinetics  of  deposition  are  also  different;  C3  deposition  with  IgM 
is  far  faster.   Once  bound  to  the  target,  C3  is  shed  from  both  the  IgG  and  the 
IgM  coated  targets  at  the  same  rate.   The  molecular  form  of  C3  deposited  on  the 
target  has  been  found  to  be  C3bi  with  both  IgM  and  IgG  with  very  little  C3b  on 
the  target.   In  a  guinea  pig  model  there  is  little  evidence  for  the  formation  of 
C3dg  in  vitro  on  the  erythrocyte  surface.   The  fact  that  some  C3b  is  deposited  on 
the  target  can  be  shown  by  experiments  in  which  sensitized, cells  are  treated  with 
trypsin.   Trypsin  is  known  to  preferentially  degrade  C3bi.   Once  trypsinized, 
erythrocytes  sensitized  with  antibody  can  be  shown  to  have  small  amounts  of  C3b 
on  their  surface  obscured  by  large  amounts  of  C3bi.   In  preliminary  experiments, 
such  trypsinized  cells  which  have  released  most  of  their  C3  from  the  surface  are 
cleared  from  the  circulation  in  guinea  pigs  to  the  same  extent  as  cells  not 
treated  with  trypsin.   These  preliminary  data  suggest  that  C3b  is  the  major 
opsonin  causing  clearance.   Firming  up  these  various  points  and  determining  the 
absolute  number  of  ligands  in  each  clinical  situation  is  our  major  goal  at 
present . 
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Topics  of  current  studies  include  1)  cloning  of  mitochondrial 
DNA  sequences  of  Cryptococcus  neoformans;  2)  isolation  of  antigenic 
variants  of  Candida  albicans;  3)  determination  of  ploidy  and 
karyotype  of  Candida  stellatoidea;  4)  comparison  of  Cladosporium 
trichoides,  an  etiologic  agent  of  mycotic  brain  abscess,  with 
Xylohypha  niqrescens . 

In  current  studies,  we  have  determined  that  the  mitochondrial 
genome  size  of  the  two  varieties  of  Cryptococcus  neoformans  range 
between  40-45  kilobases.   Some  cloned  mt  DNA  fragments  ranging 
between  1  to  1 . 8-  kb  showed  variety  specific  patterns  of  homology 
when  they  were  hybridized  with  total  DNA  digests  of  numerous 
isolates  obtained  from  various  parts  of  the  world.   These  findings 
supported  previous  results  that  the  phenotypic  differences  between 
the  two  varieties  are  based  on  their  genetic  differences.   A 
method,  without  mutagenesis,  was  developed  to  isolate  antigenic 
variants  from  serotype  A  as  well  as  B  isolates  of  Candida  albicans. 
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SUMMARY  OF  WORK  (Use  standard  urtreduced  type.  Do  not  exceed  the  space  provided.) 

The  goals  of  the  project  are  to  characterize  the  pathogenesis,  the 
natural  history  and  the  therapy  of  herpes  simplex  virus  and  varicella  zoster 
virus  infections.   Our  clinical  emphasis  has  been  on  genital  herpes  in  normal 
and  immune -impaired  patients.   Analysis  of  five  years  of  suppressive  acyclovir 
in  patients  with  frequently  recurring  herpes  have  shown  the  drug  to  remain 
effective,  to  be  well  tolerated,  and  to  not  induce  drug  resistance.   We  have 
shown  for  the  first  time  that  with  prolonged  observation  some  individuals 
diminish  their  rates  of  herpetic  recurrences  and  no  longer  warrant  chronic 
suppressive  therapy.   We  continue  to  utilize  our  human  model  of  recurrent 
herpes  simplex  virus  infection.   we  are  conducting  detailed  studies  of 
ultraviolet  light  and  other  physical  and  chemical  inducers  of  recurrent  skin 
infection.   Open  trials  of  agents  designed  to  block  the  induced  reactivation 
have  been  initiated.   A  placebo-controlled  trial  of  acyclovir  for  blocking 
ultra-violet  induced  reactivation  is  nearly  complete.   We  have  also  initiated 
a  placebo-controlled  trial  of  acyclovir  for  suppression  of  frequent 
spontaneously  recurring  oral  herpes. 

The  major  thrust  of  our  laboratory  effort  in  this  project  has  been  the 
analysis  of  herpes  simplex  latency  in  human  trigeminal  ganglia  using  in  situ 
hybridization  we  recently  demonstrated  a  novel  class  of  RNAs  transcribed  from 
the  HSV  genome  in  latently  infected  human  ganglia.   We  can  now  detect  these 
latency  transcripts  by  northern  hybridization  analysis  as  well.   Recent 
detailed  studies  have  identified  three  latency  transcripts  whose  termini  have 
been  more  accurately  mapped.   Because  of  the  great  importance  of  these 
findings  for  an  understanding  of  human  HSV  infection,  we  began  a  series  of 
projects  aimed  at  identifying  the  mechanism  of  action  of  the  latency 
associated  gene. 
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This  broad-based  project  is  designed  to  explore  pathophysiologic  mechanisms 
responsible  for  allergic  diseases.   During  the  past  year,  the  following 
observations  have  been  made:   The  identification  of  cells  responding  to 
isoproterenol  with  increases  in  cyclic  AMP  in  guinea  pig  lung  has  been  described. 
The  presence  of  an  inhibitor  of  histamine  N-methyltransferase  in  plasma  obtained 
from  patients  in  septic  shock  has  been  described  and  the  plasma  levels  of 
histamine  in  sepsis  determined;  septic  plasma  has  normal  histamine.   The  sequence 
of  events  in  allergy  slcin  testing  has  been  determined,  including  definition  of  the 
morphology  of  cutaneous  mast  cell  degranulation  and  concomitant  changes  in  plasma 
histamine.   The  major  clinical  response  to  mast  cell  mediators  is  increased 
vascular  permeability.   The  characteristics  of  vascular  permeability  in  response 
to  mediators,  neurogenic  inflammation,  and  late  phase  allergic  responses  have  been 
explored.   A  molecule  released  from  neutrophils  which  is  capable  of  causing  mast 
cell  degranulation  has  been  discovered  and  named  HRA-N.   HRA-N  is  1400- 
2400  daltons,  heat  stable,  active  in  vivo  and  in  vitro,  and  may  play  a  role  in  the 
generation  of  late  phase  allergic  reactions.   Tracheal  aspirates  of  children  with 
bronchopulmonary  dysplasia  have  been  found  to  be  relatively  deficient  in 
lactoferrin,  while  having  the  same  levels  of  histamine,  albumin,  and  total  protein 
as  controls  with  hyaline  membrane  disease.   This  observation  has  potential 
importance  in  early  identification  of  BPD-prone  infants.   Finally,  the  disease 
cataneneal  anaphylaxis  has  been  described  and  a  treatment  developed. 
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SUMMARY  OF  WORK  (Use  stanaard  unreduced  type.  Do  not  exceed  the  space  provided.) 

The  major  objective  of  this  project  has  been  to  study  neutrophil 
function  in  health  and  disease.   Determination  of  the  biochemical 


and  genetic  basis  of  inherited  diseases  affecting  phagocytes  and 
associated  with  recurrent  infections,  and  the  diagnosis  and 
treal:ment  of  these  diseases  is  a  major  component  of  this  project. 
Also  within  the  scope  of  this  project  is  the  study  of  in  vitro  model 
systems  of  these  inherited  diseases  using  preparations  of  phagocytic 
cells  derived  from  normal  volunteers  and  patients.   We  have  shown 
that  Chronic  Granulomatous  Diseases  (CGD)  are  a  heterogeneous  group 
of  diseases  resulting  from  absent  H202  production  by  phagocytes, 
associated  with  recurrent  infections.   The  X- linked  form  results 
from  a  defect  in  the  gene  coding  for  the  91  kDa  subunit  of 
cytochrome  b.   We  show  that  different  kindreds  have  different 


lesions  of  this  gene,  in  that  some  patients  make  no  mRNA  coding  for 
this  protein,  others  make  mRNA  but  no  protein,  while  some  make  a 
functionally  defective  protein.   These  observations  suggest  that  the 
gene  defect  may  be  a  new  mutation  in  many  kindreds  and  that 
nutations  occur  at  different  sites.   We  have  recently  shown  that 
there  are  two  forms  of  cytochrome  b-positive,  autosomal  recessive 
"GD.   The  most  common  form  is  missing  a  47  kDa  cytosol  protein, 
t/hose   phosphorylation  plays  a  role  in  activation  of  neutrophils 
oxidative  metabolism.   We  have  demonstrated  that  the  lesion 


responsible  for  neutrophil  specific  granule  deficiency  is  a 
differentiation  stage  specific  lesion  in  myeloid  cell  gene 
regulation.   In  particular,  there  is  a  failure  of  lactoferrin  mRNA 


production  in  myeloid  cells,  but  lactoferrin  is  synthesized  normally 
in  nasal  secrections  of  specific  granule  deficient  patients. 
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A  review  of  over  60  cases  of  adult  mastocytosis  followed  at  the  NIH,  has 
substantiated  the  observation  that  mastocytosis  can  occur  in  distinctly  different 
forms,  or  categories,   we  have,  thus,  instituted  a  new  classification  for  mast 
bell  disorders.   Diseases  of  mast  ceil  proliferation  are  now  divided  as  follows: 
Indolent  mastocytosis,  mastocytosis  with  dysmyeiopoiesis,  mast  cell  leukemia,  and 
pLymphadenopathic  mastocytosis  with  eosinophilia.   Each  type  of  disease  varies 
from  other  categories  in  its  prognosis  and  treatment. 

Pediatric  patients  with  urticaria  pigmentosa  or  diffuse  cutaneous  mastocytosis 
often  have  systemic  disease,  as  evidenced  by  the  presence  of  a  unique  bone  marrow 
lesion.   These  heretofore  unrecognized  lesions  consist  of  focal  collections  of 
mast  ceils,  eosinophils,  and  lymphocytes  along  small  vessel  endothelial  cells. 

A  double  blind  crossover  trial  comparing  ketotifen,  a  mast  ceil  stabilizing 
drjg,  and  an  HI  antihistamine;  and  hydroxyzine,  an  Hi  antihistamine,  has  shown 
hydroxyzine  to  be  more  effective  at  lowering  symptom  scores.   Neither  drug 
Effected  plasma  or  urine  histamine  levels . 

I 

Topical  steroids  lower  the  number  of  mast  cells  in  skin  and  result  in  dramatic 
Improvement  in  mastocytosis  skin  lesions. 

Dermal  ■•nast  cells  are  increased  15-20  fold  in  patients  with  mastocytosis,  and 
2-3  fold  in  patients  with  idiopathic  anaphylaxis  or  flushing.   Mast  cells  first 
Increase  around  endothelial  cells . 
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(PROJECT  TERMINATED)  Human  neutrophil  heterogeneity  has  been 
suggested  because  of  differences  in  functional  capacity,   surface 
receptors  and  antigenic  markers.   Heterogeneity  of  binding  of 
monoclonal  antibodies  to  human  neutrophils  was  examined  using  the 
fluorescent  activated  cell  sorter.   We  developed  an  IgG  monoclonal 
antibody,  31D8,  that  binds  strongly  to  neutrophils  that  are  more 
responsive  functionally,  representing  about  95%  of  normal 
neutrophils.   Normal  volunteers  given  4  ng/kg  E.  coli  endotoxin  have 
an  initial  drop  in  total  circulating  neutrophils,  but  an  absolute 
increase  in  the  number  of  circulating  neutrophils  which  bind  3  IDS 
weakly  (dull).   This  is  followed  by  a  dramatic  increase  in  total 
neutrophils,  but  particularly  in  the  number  of  31D8  "dull" 
neutrophils.   There  is  some  correlation  between  circulating  band 
forms  and  31D8  "dull"  antibody  binding  indicating  a  correlation  with 
immaturity.   31D8  "dull"  neutrophils  increase  after  severe  blunt 
trauma  or  after  experimental  infusion  of  endotoxin.   Band  forms  and 
3 IDS  weakly  reactive  cells  comprise  an  overlapping  but  not  identical 
population.   3 IDS  expression  may  be  a  measure  of  neutrophil 
maturation  independent  of  nuclear  morphology  and  may  be  useful  to 
measure  the  degree  of  marrow  release  of  neutrophils.    Dr.  Segal 
developed  IgG  monoclonal  antibody,  CIO ,  which  we  have  characterized 
as  binding  strongly  to  cLbout  30  to  80%  of  neutrophils.   Percent  CIO 
positive  neutrophils  in  the  same  individual  is  constant  over  months. 
Lack  of  CIO  negative  cells  is  seen  in  a  patient  with  leukemoid 
reaction  and  lack  of  CIO  postive  neutrophils  is  seen  in  specific 
granule  deficiency.   CIO  expression  may  play  a  role  in  control  of 
myeloid  proliferation  and  differentiation. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

We  have  isolated  and  partially  characterized  a  previously  unrecognized 
procease-sensitive  plasma  protein  identified  during  the  development  of  a  new 
protocol  for  the  purification  of  human  C2 .   This  new  protein  is  physicochemically 
similar  to  C2 .   It  co-precipitated  with  C2  on  polyethylene  glycol  (PEG) 
fractionation  and  specifically  and  independently  bound,  like  C2,  to  Sepharose 
bound  iC4/C4b.   Like  C2  this  protein  was  cleaved  in  plasma  or  serum  to 
immunochemically  distinct  fragments  of  beta  (90kDa)  and  alpha  (30kDa)  mobility 
that  may  lose  the  capacity  to  bind  to  iC4  and/or  C4b.   The  purified  protein  has  a 
chain  structure  similar  to  C2  as  determined  by  SDS-PAGE  in  the  presence  or 
absence  of  reducing  agent  and  has  a  molecular  mass  of  120  kDa  only  somewhat 
greater  than  C2  at  95  kDa.   C2  has  been  shown  to  contain  about  16%  N-linked 
carbohydrates.   Using  independent  techniques,  we  have  identified  16.3%  N-linked 
sugar  in  C2  and  14.2%  in  gpl20  kDa  although  the  glycosylation  pattern  was 
different  in  the  two  proteins.   Both  proteins  were  shown  to  contain  6%  sialic 
acid.   Both  proteins  radioiodinated  under  similar  conditions  to  the  same  specific 
activities  with  each  of  two  different  methods  that  produced  10-fold  disparate 
results.   These  proteins  have  immunochemical  similarities  as  well.   Although 
monospecific  anti-serum  to  each  did  not  cross-immunoprecipitate  by  standard  gel 
techniques,  anti-gpl20  kDa  serum  did  specifically  identify  shared  epitopes  by 
Westerm  blot  analysis.   Mancini  analysis  identified  250-300  ug/ml  of  gpl20  kDa  in 
plasma.   Initial  studies  suggested  that  the  contact  system  protease  Kallikrein  is 
responsible  for  the  rapid  cleavage  of  gpl20  kDa  when  stored  in  glass  tubes  at  4°C 
in  normal  and  HAE  plasmas .   It  will  be  important  to  confirm  the  protease 
responsible  for  gpl20  kDA  cleavage  and  to  isolate  the  fragments  to  pursue 
biological  and  functional  studies  in  vitro  and  in  animals  (see  project  #Z01  AI 
00278-06  LCI) .   Since  C2  is  a  member  of  a  recently  described  class  of  C4b/C3b 
binding  proteins  which  contain  a  60-amino-acid  repeat  sequence,  it  will  be  of 
interest  to  determine  if  gpl20  kPa  is  also  a  member  of  this  class  of  proteins. 
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This  project  has  been  inactive  during  the  current  year  but  we  do  not  wish  to 
discontinue  it. 
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We  have  found  that  scavengers  of  products  that  are  formed  during  the 
normal  oxidative  burst  of  polymorphonuclear  leukocytes  (PMN)  can  upregulate  PMN 
phagocytosis.   Methionine  and  taurine  (which  block  n-chloramines  and  hypochlorous 
acid,  respectively)  increased  the  ingestion  of  IgG-coated  sheep  RBC  (EIgG)  by  3 
to  5  fold.   Like  azide  and  catalase  (which  block  earlier  steps  in  the  oxidative 
-•burst)  these  inhibitors  also  increased  the  adherence  of  EIgG  to  PMN,  while  having 
no  effect  on  adherence  of  C3b-coated  target  cells.   These  results  suggest  that 
the  long-lived,  toxic  products  of  myeloperoxidase  (MPO) -H202-hal-ide  system  are 
primarily  responsible  for  downregulating  PMN  phagocytosis.   These  products  appear 
to  interfere  with  the  function  of  PMN  FcR,  but  not  PMN  CRl. 

We  have  shown  that  the  phagocytic  function  of  PMN  of  patients  with  acute 
bacterial  infections  is  markedly  upregulated,  even  in  the  absence  of  inhibitors 
of  the  oxidative  burst .   Longitudinal  studies  showed  that  the  enhanced 
phagocytosis  paralleled  a  reduction  in  superoxide  anion  production  which  was  seen 
on  the  first  day  after  hospital  admission.   Phagocytic  activity  and  superoxide 
levels  normalized  as  patients  improved  clinically.   Enhanced  phagocytosis  in 
patient  PMN  was  not  associated  with  increased  surface  expression  of  the  low- 
affinity  PMN  Fc  receptors,  FcRII  or  FcRIII;  however,  in  5  of  7  patients  tested, 
there  was  a  marked  increase  in  the  surface  expression  of  high-affinity  FcR 
(FcRI) ,  which  is  not  normally  expressed  on  the  surface  of  PMN.   Unlike  PMN,  the 
extent  of  ingestion  by  patient  monocytes  (MO)  was  normal;  however,  kinetic 
studies  showed  that  patient  MO  ingest  EIgG  significantly  more  rapidly  than  normal 
MO.   Thus  the  IgG-dependent  phagocytic  capacity  of  both  MO  and  PMN  of  patients 
with  acute  bacterial  infections  is  upregulated. 

Soluble  inflammatory  mediators  may  play  an  important  role  in  the  enhanced 
phagocytosis  in  patient  PMN.   We  have  found  that  IL-1,  IL-2  and  TNF  each 
upregulate  PMN  phagocytosis  in  the  absence  of  inhibitors  of  the  oxidative  burst. 
This  effect  was  not  related  to  increased  expression  of  high  or  low-affinity  FcR 
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We  have  modified  our  published  procedure  for  the  rapid  isolation  of  the 
second  component  of  human  complement  to  obtain  increased  yield  and  specific 
functional  activity.   Also  isolated  by  this  new  method  is  a  protein  which  has 
many  physicochemical  properties  in  common  with  C2 .   See  project  #Z01  AI  00271-06 
LCI  for  a  detailed  description  of  the  isolation  and  partial  characterization  of 
this  new  plasma  protein  termed  gpl20  icDa .   The  capacity  of  this  protein  to 
specifically  bind  to  iC4/C4b,  the  numerous  similarities  to  C2  and  its  relatively 
high  plasma  concentration  (250-300  ug/mi)  strongly  suggested  that  this 
siaioglycoprotein  may  participate  in  the  classical  complement  pathway.   Thus, 
initial  attempts  to  delineate  a  functional  role  for  gpl20  )cDa  were  directed  to 
the  early  events  of  complement  activation  in  this  pathway.   We  used  complement 
coated  sheep  erythrocytes  with  limited  functional  sites  EAC4b  or  EACl.-lb  as  well 
as  one  or  more  other  limited  complement  components  to  study  the  effect  of  gpl20 
ItDa  at  different  points  in  the  formation  of  the  classical  pathway  C5  convertase. 
By  several  distinct  functional  tests  we  were  able  to  show  dramatic  inhibition 
(>90%)  by  gpl20  )cDa  of  classical  pathway  convertase  formation.   Inhibition  was 
shovm  for  CI,  C2,  and  C3  site  formation  and  up  to  30%  acceleration  of  C2  decay 
was  observed.   The  exact  point (s)  where  gpl20  )cDa  exerts  its  influence  has  to  be 
determined  possibly  by  competition  and  binding  experiments  using  radiolabeled 
proteins.   These  effects  were  obtained  at  input  concentrations  between  15  and  255 
ug/ml  of  gpl20  IcDa .   To  assess  the  ability  of  gpl20  )cDa  to  functionally  influence 
later  steps  in  the  complement  sequence  we  also  studied  its  affect  on  reactive 
lysis.   Again  this  glycoprotein  significantly  inhibited  complement  mediated  lysis 
both  during  and  following  EAC5b, 6,7  site  formation.   Since  we  have  shown  the 
direct  binding  of  gpl20  IcDa  to  surface  bound  iC4/C'Jb,  we  did  expect  an  influence 
on  the  convertase  formation.   However,  the  ability  of  gpl20  )cDa  to  inhibit 
reactive  lysis  was  unexpected  and  further  work  is  needed  elucidate  the  mode  of 
action  on  the  terminal  complement  components. 
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n   (a2)  Interviews 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Mucus  secretion  is  a  normal  function  of  respiratory  mucous  membranes.   Models  for 
measurement  of  mucus  production  by  cultured  human  and  feline  bronchial  and  nasal 
mucosae  have  been  developed  in  order  to  examine  the  controls  of  mucus  secretion. 

Corticosteroids  inhibit  MGP  release  by  lowering  baseline  secretion.   Analysis  of 
corticosteroid  treated  airways  reveals  a  close  correlation  between  lipocortin 
generation  and  MGP  production. 

Pulmonary  inflammation  with  neutrophils  is  often  associated  with  mucus  production. 
Lysates  of  human  neutrophils  as  well  as  supernatants  from  activated  neutrophils 
cause  airways  to  release  MGP;  this  activity  is  not  due  to  elastase,  and- 
identification  of  the  mucus  secretagogue  is  under  study. 

Endorphins  cause  increased  MGP  secretion. 

Substance  P  is  found  in  close  association  with  submucous  glands .   Substance  P 
causes  MGP  secretion,  and  the  activity  of  substance  P  is  markedly  increased  by 
protection  from  degradation  by  proteases  with  thiorphan. 

Platelet  activating  factor  (PAF)  activates  feline  airways  to  secrete  MGP,  and  this 
action  requires  the  formation  of  arachinoids  and  is  inhibitable  by  CCS. 
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Previously  we  have  shown  that  the  intestinal  lamina  propria  contains  a  unique 
population  of  activated  CD4+  T  cells  which  do  not  express  the  cell  membrane  glycoprotein 
Leu-8  and  have  high  helper  function.    During  FY  88  we  have  studied  the  relationship 
between  cell  activation  and  the  expression  of  the  Leu-8  £uitigen  on  human  T  cells.      When 
resting  peripheral  blood  lymphocytes  were  activated  with  PHA,  amti-CDS  +  PMA,  or 
ionomydn  +  PMA,  there  was  a  rapid  decline  in  expression  of  the  Leu-8  antigen  on  all 
lymphocyte  subpopulations.   The  change  in  Leu-8  expression  was  found  to  be  dependent  on 
the  mechanism  of  cell  activation,  since  an  intermediate  decline  in  Leu-8  expression 
occurred  following  stimulation  with  Con  A  and  there  was  Uttle  loss  of  expression  of  Leu-8 
after  stimulation  of  lymphocytes  with  pokeweed  mitogen  or  allogeneic  lymphocytes.   The 
decline  in  Leu-8  expression  on  activated  lymphocytes  occurred  much  earlier  than  the 
decline  in  expression  of  CD45R,  another  cell  membrane  glycoprotein  which  is  modulated 
during  cell  activation.       The  change  in  Leu-8  expression  was  reversible,  since  peripheral 
blood  T  cells  or  CD4-i-  Jurkat  cells  rapidly  re-expressed  Leu-8  following  removal  of  the 
activation  stimuli.     To  study  the  relationship  between  Leu-8  expression  and  cell  function, 
the  expression  of  Leu-8  on  peripheral  blood  CD4+,  L€u-8+  T  cells  was  reduced  by  prior 
activation  with  PHA,  and  it  was  found  that  these  cells  continued  to  exhibit  suppressor 
function  for  PWM-stimulated  immunoglobulin  synthesis.    Thus,  there  is  a  rapid  decline  in 
expression  of  the  Leu-8  antigen  but  no  change  in  regulatory  function  of  CD4+,  Leu-8+  T 
cells  during  cell  activation.   These  results  suggest   that  the  molec\ile  recognized  by  anti-Leu- 
8  plays  a  role  in  lymphocyte  activation,  but  not  directly  in  the  effector  function  of  CD4-I-.  Leu- 
S*  T  cells.     These  studies  also  suggest  that  the  microenvironment  of  the  intestinal  lamina 
propria  probably  contains  a  factor  or  factors  which  are  necessary  for  CD4  T  cells  to 
permanently  differentiate  into  cells  having  helper  phenotype  and  function.    Further  studies 
are  in  progress  to  define  cytokines  which  may  act  as  activation  and  differentiation  factors 
which  are  necessary  for  critical  host  defense  functions  of  CD4  T  cells  in  mucosal  tissues. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Previously  we  have  shown  that  patients  with  primary  biliary  cirrhosis  (PBC) 
have  abnormal  regulatory  function  of  T  cells.  To  study  further  whether 
abnormalities  of  lymphocyte  function  in  PBC  are  due  to  altered  fvmction  of  T  cell 
subpopulations,  phenotypic  and  functional  characteristics  of  CD4+  T  cells  were 
examined.  The  proportion  of  CD4+  T  cells  expressing  the  Leu-8  and  CD45R 
antigens  was  normal  in  patients  with  PBC.  The  capacity  of  CD4+,  Leu-8-  T  cells  to 
provide  helper  function  for  PWM- stimulated  immxinoglobulin  synthesis  by  B  cells 
in  vitro  was  similar  in  patients  and  controls.  However,  in  contrast  to  normal 
individuals  and  patients  with  other  liver  diseases,  CD4+,  Leu-8+  T  cells  from 
patients  with  PBC  did  not  suppress  immunoglobulin  synthesis.  Whereas 
treatment  of  CD4+  T  cells  from  normal  individuals  with  anti-Leu-8  monoclonal 
antibody  enhanced  their  suppressor  function,  similar  treatment  of  CD4+  T  ceUs 
from  patients  with  PBC  did  not  increase  their  suppressor  function.  To  determine 
whether  the  abnormal  regulatory  function  of  CD4+,  Leu-8+  T  cells  was  due  to  a 
defect  of  cell  activation,  the  response  of  CD4+  T  cell  subpopulations  to  mitogenic 
stimvdation  was  examined.  The  proliferative  responses  of  CD4+,  Leu-8-  T  cells 
from  patients  with  PBC  and  controls  were  similar,  but  the  proliferative  responses 
of  CD4+,  Leu-8+  T  cells  from  patients  with  PBC  were  lower  than  those  of  control 
cells.  Since  the  CD4-H,  Leu-8+  T  cell  population  plays  a  role  in  suppressing 
immunoglobtilin  synthesis  and  is  contained  within  the  autoreactive  T  cell 
population,  the  abnormal  function  of  this  T  cell  subpopulation  in  patients  with 
PBC  may  play  a  central  role  in  defective  immunoregulation  found  in  this  disease. 


6-28 


PHS  6040  (Rev.  1/84)  SPO  9i4>ait 


PROJECT  NUMBER 
DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  -  PUBLIC  HEALTH  SERVICE  ^Ql    AI    0035o-06     LCI 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


ptpioo  covsBeo 

October   1.    !987  to  September  30,    1988 


TTXE  Of  "••OjECT  to  zfanatn  or  •Ji    T,n»  must  M  on  onm  «>•  o«(w»«o  m»  ooratn  i 

Studies  of  the  Regulation  of  IgA  Immunoglobul in  Synthesis 

»«iNC;P*l.   SVESTKiATCP   ust  otntr  onlmtsioni  o»rzonn»i  01OW  :ri0  f>^aD1   rivmsogMIOf    UtTi*     //•    toortiory    ana  nsniun  iitihtnoni 

?.l.     Warren  Strober,  M.D.,  Head,  Mucosal  Immunity  Section,  LCI/NIAID 
Other  Michael  C.  Sneller,  M.D.,  Investigator,  National  Foundation  for  Ileitis 
and  Colitis.  LCI/NIAID 

Dennis  Y.  Kunimoto,  M.O.,  Fellow  Alberta  Heritage  Foundation,  LCI/NIAID 
Gregory  R.  Harriman,  M.D.,  Medical  Staff  Fellow,  LCI/NIAID 


COOPERATINQ  UNITS  y  »nyl 


08/8RANCH 

Laboratory  of  Clinical  Investigation 


SEC-^GN 

Mucosal  Immunity  Section 


INS-TTJTH  AND  LOCATION 

NIAID,  NIH.  Bethesda,  Maryland  20892 


TOTAL  MAN-vEARS  PROFESSIONAL.  3TH6B 

3.0  ' LJ 0.5 


CHECK  APPROPRIATE  30X(ES) 

^  (a)  Human  subjects            _-  (b)  Human  tissues           O  (c)  Neither 
Z   (al)  Minors 
Z   (a2)  Interviews ^ ^ 
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The  overall  aim  of  this  project  is  to  define  at  both  the  cellular  and 
molecular  level,  the  signalling  events  involved  in  IgA  heavy  chain  (C.j)  class 
switching.   Studies  during  this  period  focused  on  the  regulation  of  isotype 
switching  in  the  antigen  (SRBC) -reactive  B  cell  line  CH12.LX  as  well  as  on 
normal,  purified  IgM(+)  B  cells.   CH12.LX  cells  comprise  a  stable  population  of  3 
cells  bearing  sIgM  (98-99%)  as  well  as  a  small  population  of  cells  bearing  sIgA 
(1-2%) .   Studies  with  recombinant  lyraphoJcines  disclosed  that  rIL-4  induces  an 
increase  in  the  percentage  of  3lgA(+)  cells  (to  6-15%)  with  minimal  effects  on 
IgA  secretion,  whereas  IL-5  induced  increased  IgA  secretion,  but  had  no  effect  on 
sIgA  expression.   The  addition  of  both  lymphoJcines  induced  both  increased  IgA 
•xprassion  and  IgA  secretion.   No  effect  on  mIgA  expression  or  IgA  secretion  was 
seen  with  other  lymphoJcines  including  IL-1,  IL-2,  IL-3,  IL-6,  GM-GSF  and  IFN-y. 
In  further  studies,  it  was  shown  that  IL-5  causes  IgA  secretion  by  sIgA(+)  but 
not  3lgA(-)  CH12.LX  cells  indicating  that  IL-5  is  acting  as  a  post-isotype  switch 
differentiation  factor.   Thus,  these  studies  indicate  that  IL-4  and  IL-5  act  in  a 
sequential  fashion  to  induce  IgA  expression  and  secretion  in  the  CH12.LX  system: 
IL-4  inducing  differentiation  of  3lgM(+)  cells  to  3lgA(+)  calls  and  IgA  enhances 
the  IgA  secretion  of  the  resulting  3lgA(+)  cells. 

Complementary  studies  with  normal  B  cells  (derived  from  Peyer' s  patches) 
utilized  ceils  separated  into  3lgA{+)  and  3lgA(-)  cells  obtained  by  panning  or 
sorting  with  by  FACS .   Here,  LPS-drlven  sIgA(+)  B  cells  were  induced  by  rIL-5  to 
secrete  increased  amounts  of  IgA;  in  contrast,  mlgA(-)  cells  manifested  no  such 
secretion.   Thus,  it  could  be  shown  that  IL-5  acts  on  normal  B  cells  as  a  post- 
switch  factor,  promoting  differentiation  of  IgA  B  cell  into  IgA  secreting  plasma 
cells. 
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This  project  has  been  inactive  during  the  current  period. 


6-30 


PHS  6040  (Rev.  1/84) 


spo  ai4-«i* 


PROJECT  NUMBER 
OCPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  -  PUBLIC  HEALTH  SERVICE  , 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT  ZOl    AI    00397-05    LCI 


PERKX)  COVERED 

Octctjer    I,    1987   to  September   30,    1988 


TITLE  OF  PAOjECT  itO  cflvacw/i  or  vsj    ''in  thoi  M  on  on*  kn»  o»n*««n  tn*  oorofs  i 

Interactions  oi  C3b  with  Inanunogiobuiin  G-Regulation  of  C3b  Function  by  Antibody 


PRINCIPAL  INVESTIGATOR  iUsI  otnar  pnjfuionti  p»rtonn»i  o*«ow  rft«  Pnncioai  imrtstigtior )  (Ntrnt    tint   itOorttory   tnO  mstitult  atttnttioni 

PI:   Louis  F.  Fries,  Medical  Officer  (Research),  LCI/NIAID 
Others:   Michael  M.  FranJc,  Chief,  LCI/NIAID 

John  Zurio,  Medical  Staff  Fellow,  LCI/NIAID 

Milan  Basta,  Visiting  Fellow,  LCI/NIAID 

Marisa  Marques,  Visiting  Fellow,  LCI/NIAID 


COOPERATING  UNITS  (t  mti 


LAS/BRANCh 

Laboratory  of  Clinical  Investigation 


SECTION 

Clinical    Inimunology  Section 


INSTITUTE  AND  LOCATION 

National  Institute  of  Allergy  and  Infectious  Diseases,  NIH,  Bethesda,  MD   20892 


TOTAL  MAN-YEARS  PROFESSIONAL 

1.0  2 


CHECK  APPROPRIATE  BOX(ES) 

Z   (£)   Human  subjects  C   (b)  Human  tissues  E   (c)  Neither 

_    (a1)  Minors 
ZL   (a2)  Interviews 


SUMMARY  OF  WORK  (Um  sianavo  unnoucto  ryp»  Do  not  ttc—d  rn«  soac»  onvioao ) 

We  have  previously  shown  that  complement  fragment  C3b  interacts  with  IgG 
to  forro  a  stable  covalent  complex.   We  have  demonstrated  that  formation  of  these 
complexes  can  proceed  under  plasma  conditions  and  occurs  on  serum-treated  soluble 
and  particulate  immune  complexes,  including  bacterial  pathogens.   C3b  residues  in 
such  complexes  are  protected  from  usual  control  mechanisms,  support  exaggerated 
alternative  pathway  activity,  and  are  capable  of  high  affinity  interactions  with 
human  phagocytes  which  elicit  internalization  responses.   C3b-IgG  complexes 
display  unique  opsonic  activity  not  reproduced  by  C3b  and  IgG  randomly  located  on 
the  surface  of  target  particles. 

During  the  last  year,  we  have  characterized  the  behavior  the  C3b  receptor 
of  polymorphonuclear  leukocytes  in  states  known  to  cause  internalization.   We 
have  shown  that  this  receptor  recycles  through  a  pre-lysosomal  compartment  unless 
multi-valently  ligated.   In  an  attempt  to  dissect  the  unique  opsonic  effects  of 
C3b-IgG  complexes,  and  C3b  in  general,  we  have  shown  that  multi-valent 
preligation  of  CRl  in  human  macrophages  significantly  upregulates  subsequent  IgG- 
mediated  phagocytosis  of  particles  not  bearing  C3b.   The  role  of  specific  IgG  in 
"focusing"  and  amplifying  complement  fragment  deposition,  with  resultant  enhanced 
opsonization,  phagocytosis,  and  killing  of  a  human  pathogen  has  been  examined 
with  Cryptococcus  neoformans.   Here,  the  presence  of  a  small  number  of  IgG 
residues  on  the  cryptococcai  capsule  elicits  a  marked  increase  in  phagocytosis 
and  killing,  but  only  If  present  at  the  moment  of  complement  activation. 

In  an  effort  to  probe  the  influence  of  non-immune  ambient  IgG  on 
complement -mediated  opsonization,  we  have  also  studied  the  observed  complement 
opsonization  defects  in  multiple  myeloma  sera  and  in  impact  of  exogenous 
supraphysiologic  IgG  infusions  on  complement -dependent  blood  stream  clearance  in 
an  In-vivo  model.  6-31 
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This  project  has  been  terminated  in  1988. 
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The  nasal  mucosa  is  the  first  internal  surface  to  encounter  aeroallergens, 
airborne  pathogens,  and  airborne  toxins.   Analysis  of  nasal  responses  will  likely 
provide  insights  into  normal  host  defense  mechanisms.   Provocation  of  human  and 
guinea  pig  nasal  mucosa  stimulates  protein  secretion.   Analysis  of  the  components 
of  these  secretions  has  revealed  new  Insights  into  the  source  of  these  secretions 
as  well  as  possible  mechanisms  for  the  pharmacologic  control  of  secretion. 

Histaniine  was  found  to  primarily  cause  increased  vascular  permeability  as 
reflected  in  relative  enrichment  of  nasal  secretions  with  albumin,  nonsecretory 
IgA  (NS-IgA) ,  and  IgG.   These  effects  were  inhibited  with  an  H-1  antihistamine  but 
not  by  atropine.   Methacholine  caused  selective  glandular  secretion  as  reflected 
in  increases  in  total  protein,  secretory  IgA  (sIgA) ,  lysozyme,  lactoferrin, 
albumin,  and  IgG,  but  no  relative  enrichment  of  any  of  these  proteins. 
Methacholine  effects  were  inhibited  by  atropine. 

Hoc,  spicy  foods  may  cause  rhinorrhea  in  sensitive  subjects.   Gustatory  rhinitis 
was  found  to  involve  an  atropine-inhibitable  muscarinic  pathway  and  both  symptoms 
and  secretory  responses  could  be  prevented  by  pretreatment  with  atropine. 


6-33 


a^o  ti4-«i* 


DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  -  PUBLIC  HEALTH  SERVICE 
NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl    AI    00430-04    LCI 


PERIOD  COVERED 

October  1,  1987  to  September  30,  1988 


TITLE  OF  PROJECT  (SO  characters  or  less.  Title  must  fit  on  one  line  between  the  borders) 

Molecular  Biology  of  Varicella-Zoster  Virus  Infections 


PRINCIPAL  INVESTIGATOR  (List  other  professional  personnel  below  the  Principal  Investigator.)  (Name,  title,  laboratory,  and  institute  affiliation) 


PI: 


S.E.  Straus 

J.  Ostrove 

Krause 

Croen 

Sawyer 

Freifeld 

Nagpal 


Senior  Investigator 
Senior  Staff  Fellow 
Medical  Staff  Fellow 
Medical  Staff  Fellow 
Medical  Staff  Fellow 
Medical  Staff  Fellow 
Visiting  Fellow 


LCI,  NIAID 

LCI,  NIAID 

LCI,  NIAID 

LCI,  NIAID 

LCI,  NIAID 

LCI,  NIAID 

LCI,  NIAID 


COOPERATING  UNITS  (if  any) 


J.  Hay  (USUHS) ,  W.  Ruyechan  (USUHS) 


LAB/BRANCH 

Laboratory  of  Clinical  Investigation 


SECTION 

Medical  Virology  Section 


INSTITUTE  AND  LOCATION 

NIAID,  NIH,  Bethesda,  Maryland  20892 


TOTAL  MAN-YEARS: 

4.0 


PROFESSIONAL: 

3.25 


0.75 


CHECK  APPROPRIATE  BOX(ES) 

n  (a)  Human  subjects 
D   (a1)  Minors 
□   (a2)  Interviews 


(b)  Human  tissues  D  (c)  Neither 


SUMMARY  OF  WORK  (Use  standard  unreduced  .type.  Do  not  exceed  the  space  provided.) 


This  project  constitutes  one  of  the  two  major  laboratory  research  focuses 
of  this  section.   The  goals  are  to  identify,  map  and  characterize  varicella- 
zoster  virus  genes  and  proteins,  expressed  during  active,  latent,  or 
productive  infections,  and  to  define  the  temporal  sequence  and  control  of  gene 
expression.   To  accomplish  these  ends  we  use  an  extensive  array  of  molecular 
biological  techniques.  To  date  we  have  mapped  the. viral  genome  and  most  of  its 
transcripts.   We  have  identified  and  carefully  mapped  a  number  of  important 
viral  gene  products.   We  defined  the  molecular  basis  for  drug  resistance  to 
acyclovir  in  laboratory  derived  and  human  VZV  strains.   Recently,  we  proved 
that  VZV  remains  latent  in  satellite  cells  of  human  sensory  nerve  ganglia  and 
that  some,  but  not  all,  VZV  genes  are  expressed  during  latency.   Our  current 
effort  is  most  heavily  directed  at  better  defining  the  nature  and  control  of 
VZV  gene  expression  in  latently  infected  human  tissues. 
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The  proliferation,  differentiation  and  regulatory  function  of  T  cells  in  the 
intestinal  lamaina  propria  is  thought  to  depend  largely  on  their  production  of 
cytokines.    Previously  we  have  shown  in  nonhuman  primates  that  intestinal  lamina 
propria  CLPL)  T  cells  have  high  expression  of  IL-2  receptors,  have  high  capacity  for 
IL-2  production,  and  produce  helper  factors  for  immunoglobulin  synthesis  in 
response  to  intestinal  pathogens.   In  the  present  study  we  investigated  the  response 
of  nonhumain  primate  T  cells  to  human  recombinant  IL-4  and  have  examined  their 
capacity  to  produce  B  cell  proUferation  factors.  T  cells  from  MLN  exhibited  a  dose- 
dependent  proliferative  response  (3H-thymidine  incorporation)  when  cultxired  with 
rrL-4.   The  response  was  dependent  on  the  presence  of  phorbol  myristate  acetate 
fPMAj  as  a  co-stimulus.    In  contrast,  LPL  T  cells  had  a  minimal  response  to  rIL-4, 
but  did  have  high  responses  to  rIL-2  and  the  mitogen  concanavalin  A.   To 
Investigate  lymphokine  production  by  T  cells,  cvdtuxe  supematants  from 
concanavalin  A  stimulated  T  cells  were  obtained.   Using  a  Staph  A  Cowans  (SAC) 
CO- stimulation  assay,  it  was  shown  that  supematants  from  both  MLN  and  LPL  T 
cells  stimulate  proliferation  of  MLN  B  cells.   In  addition,  it  was  shown  that  mitogen 
activated  LPL  T  cells  produce  substantially  higher  IFN-y  bioactivity  and  have  much 
higher  levels  of  EFN-y  mRNA  than  activated  MLN  T  cells.   These  studies  show  for 
the  Srst  time  that  the  two  major  lymphoid  compartments  of  intestinal  immune 
system,  organized  lymphoid  cells  in  the  mesenteric  lymph  nodes  and  diffusely 
scattered  lymphocytes  in  the  intestinal  lamina  propria,  are  fundamentally  different 
In  their  production  and  utilization  of  the  lymphokines  IL-2,  IL-4  and  IFN-y . 
i 
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This  project   tjas  been  discontinued. 
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Infection  with  herpes  simplex  type  1  (HSV-1)  induces  expression  of 
receptors  for  C3b  on  mammalian  cells  previously  devoid  of  such  receptors.   We 
have  shown  that  the  isolated  glycoprotein  responsible  for  this  activity  (gC)  is  a 
potent  modulator  of  complement-mediated  cytolysis  in-vitro,  acting  by  at  least 
two  mechanisms.   We  have  demonstrated  that  herpes  simplex  type  2  (HSV-2)  also 
induces  expression  of  a  C3b  binding  protein  which  corresponds  to  HSV-l  gC,  but 
has  different  regulatory  properties  vis-a-vis  the  complement  cascade.   Binding 
requirements  relating  to  glycosylation  have  been  explored  in  a  purified  protein 
system  for  both  gC-1  and  gC-2 .   Transient  expression  systems  in  mammalian  cells 
and  a  stably  tranfected  murine  cell  line  which  expresses  gC-1  under  the  control 
of  an  inducible  promoter  have  been  developed  in  the  laboratories  of  Drs .  Friedman 
and  Cohen,  and  these  systems  are  in  use  to  study  the  binding  site  for  C3b  and 
also  to  explore  the  biologic  consequences  of  the  expression  of  gC  vis-a-vis 
complement  dependent  host  defense  processes. 

Ongoing  studies  of  parainfluenza  virus  type  3  have  shown  that  certain  IgM 
monoclonal  antibodies  to  the  hemagglutinin-neuraminidase  protein  can  produce 
neutralization  in  the  presence  of  an  active  complement  cascade.   This  activity  is 
dependent  in  toto  on  viral  lysis.   The  antibodies  do  not  function  by  initiating 
complement  activation.   The  virus  itself  is  a  spontaneous  activator  of  the 
classical  pathway,  an  event  which  proceeds  through  specific  binding  of  CI  from 
non-immune  sera  or  in  the  purified  state.   Active  monoclonals  Induce  no  overall 
enhancement  of  complement  fragment  uptake  through  C3,  although  late  component 
binding  is  somewhat  enhanced.   This  latter  finding  does  not  clearly  distinguish 
monoclonals  which  produce  synergistic  complement -dependent  neutralization  from 
Chose  that  do  not,  however.   Current  studies  are  directed  at  elucidating  how 
active  monoclonals  enhance  the  efficacy  of  the  complement  late  components  and  the 
potential  biologic  implications  of  the  CI  binding  interaction. 
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The  goals  of  this  project  are  to  characterize  severe  chronic  infections 
with  Epstein-Barr  virus,  to  ascertain  whether  Epstein-Barr  virus,  the  new 
human  B  lymphotrophic  herpes  virus,  or  other  infectious  agents  can  initiate  a 
syndrome  of  chronic  fatigue,  and  to  characterize  multiple  aspects  of  the 
chronic  fatigue  syndrome.   To  date  this  research  project  has  involved  nearly 
150  patients.  Included  are  six  patients  with  severe  chronic  Epstein-Barr  virus 
infections.   During  the  past  year  we  began  to  use  in-situ  hybridization  to 
study  EBV  gene  expression  in  the  tissues  of  these  severely  ill  patients.   All 
of  the  patients  were  proven  to  have  increased  levels  of  EBV  RNA.   On  this 
basis  and  on  the  basis  of  other  historical,  clinical  and  serologic  features  of 
these  patients,  we  have  proposed  criteria  by  which  severe  chronic  EBV  • 
infection  can  be  diagnosed.   We  initiated  a  detailed  survey  of  our  patient 
population  for  evidence  of  prior  HBLV  infection.   Initial  controlled 
seroprevalence  studies  showed  seropositivity  to  be  higher  in  patients  with 
chronic  fatigue.   Detailed  neurologic,  neuroendocrinologic,  and 
neuropsychologic  studies  were  conducted  in  selected  patients  with  chronic 
fatigue.   To  date  we  have  found  no  reproducible  abnormalities  in  the  chronic 
fatigue  patients  but  for  a  high  prevalence  of  depression  and  other  neurosis. 
Having  shown  acyclovir  to  not  benefit  patients  with  the  chronic  fatigue 
syndrome,  we  conducted  a  series  of  open  therapeutic  trials  involving  doxepin, 
HI  blocJcers,  and  doxycycline.   None  of  these  have  yielded  impressive  benefits. 
Trials  involving  other  classes  of  anti-depressant  drugs  are  now  being 
considered.   In  collaboration  with  investigators  elsewhere  we  have  formulated 
research  criteria  for  the  chronic  fatigue. 
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SUMMARY  OF  WORK  lUu  zltnaara  unr»cuc»<l  rypa   Do  nor  aiCMO  m«  space  proviOea  ) 

Human  neutrophils  and  monocytes  are  attracted  to  sites  of 
inflammation,  engulf  microorganisms  and  secrete  granule  contents  and 
I  toxic  oxygen  products.   The  purpose  of  this  project  is  to  define  the 
I  biochemical  structure  and  function  of  surface  receptors, 
j  transduction  proteins  and  effector  systems  involved  in  phagocyte 
1  responses  to  inflammation.   Studies  focus  upon:  (i)  the  receptor  for 
I  bacterially  derived  formyl  peptides,  the  formyl  peptide  chemotactic 
1  receptor  (FPCR);  (ii)  pertussis  toxin  inhibitable  GTP  binding 
regulatory  proteins  (Gi)  in  myeloid  cells  required  for  FPCR  and 
other  receptor  mediated  cellular  responses;  (iii)  cytosolic 
I  transducer  proteins  and  the  membrane  cytochrome  bc;c;g  ( CYTO  b) 
I  mediating  superoxide  production;  (iv)  cytoskeleton  effector  proteins 
involved  in  secretion.   We  show  that  both  FPCR  and  Gi  are  present 
and  functionally  coupled  in  an  intracellular  pool  in  neutrophils. 
About  30%  of  neutrophil  Gi  is  intracellular  and  this  pool  contains  a 
higher  ratio  of  Gi3  relative  to  Gi2  than  that  seen  in  plasma 
membrane.   Using  an  antibody  we  developed  to  the  C-terminus  of  the 
large  subunit  of  CYTO  b,  we  showed  that  CYTO  b  large  subunit  is 
transmembrane,  that  the  C-terminus  is  cytoplasmic  and  plays  an 
important  functional  role  in  superoxide  production,  and  that  >90%  of 
CYTO  b  is  intracellular  in  resting  neutrophils  and  translocated  to 
the  surface  with  activation.   We  show  that  a  47  kDa  and  65  kDa 
cytoplasmic  proteins  are  essential  for  the  transduction  events  in 
neutrophils  leading  to  superoxide  production  and  are  defective  in 
chronic  granulomatous  disease.   Glycosylation  of  CYTO  b  differs  in 
neutrophils  and  eosinophils.   We  find  that  the  cytoskeletal  protein, 
fodrin,  is  the  major  calmodulin  binding  protein  in  neutrophils. 
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(PROJECT  TERMINATED)  The  vascular  endothelial  cell  is  uniquely 
situated  to  play  an  active  role  in  the  transduction  of 
pro-inflammatory  signals  from  the  interstitial  tissues  to 
circulating  neutrophils.   The  goals  of  our  principal  projects  are 
(i)  to  study  the  role  of  endothelial  cell  receptor  mediated 
transduction  events  in  response  to  humoral  inflammatory  mediators ; 
(ii)  to  examine  the  role  of  the  endothelial  cell  in  transduction  of 
chemoattractant  signals  from  interstitial  sites  to  circulating 
leukocytes;  and  (iii)  to  examine  the  interaction  of  endothelial 
cells  with  neutrophils  in  the  inflammatory  response;  and  (iv)  to 
examine  the  interaction  of  endothelial  cells  with  pathogenic 
microorganisms.   We  demonstrated  that  endothelial  cells  bind  formyl 
peptide  chemoattractants ,  and  release  them  intact.   The 
characteristics  of  the  binding  site  on  endothelial  cells  differs  in 
affinity  and  binding  specificity . from  that  found  on  phagocytic 
cells.   The  endothelial  cell  may  direct  transport  of  chemoattractant 
peptides  from  interstitial  sites  to  the  vascular  lumen.   In  other 
studies  we  examined  the  interaction  between  fungal  hyphae  and 
endothelial  cells,  documenting  a  protective  effect  of  neutrophils  on 
the  endothelial  cell  damage  by  fungi. 
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Rat  basophilic  leu)cemia  (RED  cells  are  being  employed  as  a  model  system  to 
explore  the  biochemical  events  involved  in  IgE  receptor  mediated  exocytosis  in 
mast  cells.   A  major  obstacle  to  studying  the  molecular  events  in  mast  cell 
activation  is  the  inability  to  introduce  compounds  of  interest  into  the  cytoplasm 
in  such  a  way  as  to  preserve  intracellular  structures  and  the  intracellular 
concentration  of  macromolecules .   We  have  developed  a  method  for  permeabilizing 
RBL  cells  to  small  molecules  (M,  <  1000)  using  alpha  toxin  from  S_^  aureus.   The 
permeabilized  cells  respond  to  IgE  receptor  aggregation  by  activation  of 
phospholipase  C  (PLC) ,  resulting  in  hydrolysis  of  membrane  phosphatidylinositol 
(PI),  and  release  of  histamine  from  secretory  granules. 

We  are  characterizing  IgE  receptor  mediated  PI  hydrolysis  and  exocytosis  in 
pejTjieabilized  cell  preparations.   Both  responses  are  independent  on  extracellular 
Ca    in  permeabilized  cells;  however,  intact  ceils  require  millimolar  Ca'^   for 
both  events.   Both  PI  brealcdown  and  exocytosis  are  Inhibited  by 
diisopropylfluorophosphate  (DFP) ,  an  inhibitor  of  serine  esterases.   Using  the 
permeabilized  cells,  effectors  of  the  various  steps  involved  in  IgE  receptor 
mediated  exocytosis  can  be  directly  introduced  into  RBL  cells.   The  purpose  of 
this  project  is  to  identify  events  occurring  between  IgE  receptor  aggregation  and 
PI  hydrolysis,  and  to  examine  what  role  (if  any)  PI  hydrolysis  plays  in 
exocytosis . 
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The  role  of  herpesviruses  as  a  possible  cofactor  in  the  progression  and  , 
pathogenesis  of  the  acquired  immune  deficiency  syndrome  (AIDS)  is  being 
investigated.   AIDS  patients  develop  a  wide  variety  of  opportunistic 
infections  and  we  have  been  studying  the  interactions  of  herpes  simplex  (HSV) 
and  varicella-zoster  (VZV)  viruses  with  the  human  immunodeficiency  virus  (HIV) 
in  controlled  laboratory  experiments.   Recombinant  clones  containing  the  long 
terminal  repeat  (LTR)  sequences  from  the  HIV  were  linked  to  the  indicator  gene 
chloramphenicol  acetyltransferase  (CAT)  and  CAT  activity  was  used  as  a  measure 
of  stimulation  of  the  HIV.  Infection  of  cells  harboring  the  HIV-LTR-CAT  with 
herpes  simplex  virus  types  1  or  2  (HSV)  or  varicella-zoster  virus  led  to 
stimulation  of  CAT  activity.   Two  HSV  genes,  ICP4  and  ICPO  and  two  VZV  genes, 
the  products  of  open  reading  frames  4  and  62  were  shown  to  be  responsible  for 
this  effect.   The  stimulation  seen  with' these  HSV  and  VZV  genes  differed 
depending  on  which  cell  type  was  used  implying  that  cellular  proteins  were 
playing  a  major  role  in  the  HIV  activation  seen  by  herpesviruses.  Analysis  of 
deletion  mutants  within  the  HIV-LTR  revealed  that  the  regions  of  the  LTR 
required  for  HSV  activation  maps  to  the  SPl  and  NF-kB  binding  sequences.   The 
experiments  showing  HSV  activation  were  extended  by  the  use  of  an  infectious 
clone  of  HIV  whose  replication  can  be  stimulated  by  HSV  infection  as  well  as 
by  various  cloned  HSV  genes.   We  have  shown  that  in  HeLa  cells,  HSV  infection 
stimulates  the  release  of  active  NF-kB  that  is  required  for  HIV  LTR  directed 
transcription.   We  are  now  in  the  process  of  determining  if  this  is  the 
mechanism  by  which  HSV  activates  HIV  gene  expression. 
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.Hu.T.an  bone  marrow  under  the  influence  of  human  IL-3  and  in  suspension 
'culture  gives  rise  to  10  to  30%  basophils .   When  human  bone  marrow  is  cultured  on 
Che  surface  of  agarose  in  thjs  presence  of  IL-3,  both  basophils  and  .-nast  cells  can 
ibe  identified  that  reach  maximum  numbers  by  2  to  3  weeks. 

The  IL-3  dependent  growth  of  human  basophils  and  mouse  mast  ceils  in 
'suspension  culture  is  inhibited  by  granulocyte-macrophage  colony  stimulating 
jfactor. 

The  IL-3  dependent  growth  of  human  basophils  and  mast  cells  in  culture  is 
|not  influenced  by  the  removal  of  cells  bearing  T  cell,  B  cell,  or  macrophage 
ma  rice  rs . 

Human  lung  mast  cells  release  both  heparin  and  chondroitin  sulfate  E. 
hast  cell  proteoglycans  are  susceptible  to  cleavage  by  both  hydroxyl  radicals  and 
jhypochlorous  acid. 

Bi-directional  phenof/pic  changes  in  mast  cells  can  be  identified  in  vivo. 
rThis  demonstrates  that  local  factors  also  play  an  important  role  in  the  final 
iscages  of  mast  cell  differentiation. 
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On  a  collaborat^ive  project,  with  Dr.  P.V.  Subba  Pao  at  the  Indian 
Institute  of  Science,  we  have  isolated  and  characterized  three  antigens  from 
shrimp.   These  three  substances  appear  to  account  for  the  majority  of 
allergenic  material.   Two  are  glycoproteins ,  and  a  third  is  tRNA.   The 
characterization  of  these  antigens  leads  the  way  to  the  production  of 
improved  diagnostic  and  therapeutic  reagents  for  the  management  of  shrimp 
sensitivity. 

Six  normal  subjects  and  twelve  patients  with  suspected  sensitivity  to 
aspartame  have  participated  in  a  NIAID-CRS  approved  blinded  challenge 
protocol.   One  individual  with  a  history  of  adverse  reactions  developed 
several  hives  during  single-  but  not  double-blind  challenge.   Plasma 
histamine  levels  remained  normal  in  all  cases . 

Two  normal  subjects,  three  asthmatics,  and  one  individual  with  a 
history  of  hives  from  MSG"  have  participated  in  a  NIAID-CRS  approved  protocol 
for  MSG  sensitivity.  No  adverse  responses  were  noted  to  MSG,  and  no  changes 
occurred  in  plasma  histamine  levels. 

Measurable  amounts  of  histamine  were  found  within  a  number  of  foods. 
The  amount  of  histamine  appears  to  be  insufficient  to  induce  a  clinical 
response  by  itself  alone,  but  suggests  the  possibility  that  histamine  may 
potentiate  reactions  to  other  substances  within  foods . 
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Studies. have  been  initiated  to  explore  the  ijnportance  of  cytokines 
in  phagocyte  function.   Studies  of  phagocytes  from  patients  with 
AIDS  who  were  receiving  interferon  gamma  or  interleukin-2  indicated 
that  patients  receiving  interferon  gamma  had  markedly  fewer 
bacterial  infections  than  those  receiving  interleukin-2.   We  also 
studied  the  effect  of  interferon  gamma  on  neutrophils  and  monocytes 
from  patients  with  chronic  granulomatous  diseases  of  childhood 
(CGD).   Interferon  gamma  corrected  the  abnormal  oxidative  metabolism 
in  the  phagocytes  of  many  CGD  patients  in  vitro  and  in  vivo  the  drug 
was  shown  to  reconstitute  the  defect  as  well.   On  other  studies  the 
effect  of  interferon  gamma  in  the  Hyper immunoglobulin  E  and 
Recurrent  Infections  (Job's)  Syndrome  indicate  that  in  vitro  and  in 
vivo  interferon  gamma  down  regulates  B  cell  synthesis  of  IgE  while 
in  vivo  interferon  gamma  lowers  the  elevated  IgE  in  this  syndrome 
towards  normal.   Interferon  gaunma  was  shown  to  cause  monoycte 
polykar^/on  formation,  in  an  in  vitro  model  of  granuloma  formation, 
through  a  cascade  of  events  involving  interleukin-1  and  tumor 
necrosis  factor.   The  latter  effects  could  be  blocked  in  vitro  by 
use  of  corticosteroids .   In  other  studies  of  the  growth  of 
mononuclear  phagocytes,  a  technique  was  determined  for  developing 
human  macrophage  cell  lines  without  transformation.   Studies  of  the 
effect  of  interferon  gamma  on  monocyte  polykaryon  formation 
demonstrated  that  human  macrophages  produce  copious  amoimts  of  CSF-1 
and  this  may  relate  to  an  additional  observation  that  under 
appropriate  conditions  human  monocyte  replication  occurs  in  vitro 
when  using  "conditioned"  growth  media,  rich  in  CSF-1. 
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RESEARCH  PROGRESS 

The  laboratory  of  Immunogenetics  investigates  the  multigene  families  that  are  involved  in 
the  control  of  immune  function.  Research  emphasizes  the  structure  and  function  of  these  genes 
and  their  products  as  well  as  mechanisms  for  regulation  of  these  genes.  The  major 
histocompatibility  complex,  the  T  cell  antigen  receptor  and  the  immunoglobulin  gene  complexes 
of  several  different  species  have  been  studied.  Most  recent  investigations  concern  studies  of 
disease  models  involving  disfunction  of  the  immune  system,  as  well  as  studies  of  the  role  of 
MHC  antigens  and  T  cell  receptor  molecules  in  antigen  presentation.  A  wide  range  of 
techniques  at  the  molecular,  serological  and  functional  levels  are  used  in  these  investigations. 

NORMAL  AND  PATHOLOGIC  IMMUNE  RESPONSE  IN  THE  LABORATORY  RABBIT 

The  rabbit  has  in  the  past  proven  to  be  an  excellent  model  for  various  diseases, 
including  lung  damage,  herpes  infection,  diseases  of  the  eye,  syphilis,  and  it  has  been  shown 
that  the  rabbit  is  a  permissive  host  for  HTLV-1  infection.  Recent  investigations  concern  a 
disease  model  for  crescentic  glomerulonephritis  in  the  rabbit  and  a  study  of  HTLV- 1  and  HTV 
infection  in  this  species  has  begun.   Evidence  from  both  in  vitro  and  in  vivo  studies  indicates 
that  rabbits  are  susceptible  to  infection  with  BHV-l  the  virus  that  is  the  causative  agent  of  the 
disease  AIDS.  Studies  are  under  way  to  characterize  the  parameters  of  infection  in  rabbit  cells 
and  in  the  animal  itself. 

Viral  Infection  of  Rabbit  Cells.  It  has  been  found  that  rabbit  T  cell  and  macrophage 
lines  can  be  infected  in  vitro  with  HIV  (Kulaga).  The  infected  cells  product  reverse 
transcriptase  RNA  viral  transcripts  and  are  positive  for  viral  proteins  both  by 
immunofluorescence  analysis  and  by  western  blots  using  AIDS  patients  serum.  Although 
transformed  rabbit  T  cell  and  macrophage  lines  could  be  infected  by  HTV  similar  attempts  to 
infect  fibroblast  lines  and  normal  peripheral  blood  lymphocytes  (PBL)  were  not  successful.  In 
light  of  these  results,  it  was  attempted  to  carry  out  in  vivo  infection  of  rabbits  with  HIV. 
Because  reported  attempts  to  infect  rabbits  with  HTV  alone  had  not  been  successful,  infections 
were  earned  out  using  a  human  T  cell  line  infected  with  HIV  as  the  source  of  virus.  In 
addition,  it  was  attempted  to  optimize  the  possibility  of  infection  using  rabbits  that  had 
previously  seroconverted  to  the  virus  HTLV-1.  It  was  found  that  all  rabbits  injected  with  the 
infected  human  T  cell  line  were  positive  for  HIV  after  several  weeks.  Antibody  to  HIV- 1 
proteins  could  be  detected  in  the  rabbit  serum  and  the  virus  could  be  cultured  from  peripheral 
blood  cells  taken  from  the  infected  animals.  It  was  rather  surprising  that  the  group  of  rabbits 
that  had  not  been  previously  infected  with  HTLV-1  were  likewise  infected  with  HIV.  This  was 
not  expected  because  of  the  in  vitro  results  indicating  that  rabbit  PBL's  are  not  infected  by  HTV 
under  normal  circumstances. 

The  infected  animals  showed  sporadic  signs  of  illness  when  examined  by  gross  observation 
and  by  chemical  and  hematologic  analysis  of  blood.  The  organs  from  necropsy  of  singly  or 
doubly  infected  animals  showed  splenic  enlargement  with  hyperplasia  evident  upon  histologic 
examination.  It  was  also  shown  that  the  lungs  of  infected  animals  were  infiltrated  with 
lymphocytes. 
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Little  is  known  about  subpopulations  of  rabbit  T-lymphocytes.  It  is  not  known  for 
example  if  there  are  receptors  on  helper  and  killer  T  cells  which  are  homologous  to  CD4  and 
CDS  in  man.   Effons  arc  underway  to  determine  whether  these  markers  are  present  on  rabbit 
cells.  These  studies  involve  use  of  synthetic  oligonucleotide  probes  the  structures  of  which  are 
based  on  consensus  sequences  obtained  from  human,  rat  and  mouse  CD4  and  CDS  proteins. 
These  probes  will  be  used  to  screen  cDNA  libraries  prepared  from  RNA  rabbit  lymphoid  tissue 
and  to  monitor  RNA  production  in  different  rabbit  T  cell  lines  (Gordon). 

HTLV-1  Infection  in  Rabbits.  It  has  been  known  for  several  years  that  injection  of 
rabbits  with  human  T  cell  lines  infected  with  the  human  T  cell  leukemia  virus.  HTLV- 1  causes 
infection  in  the  rabbit.  Recendy  it  has  been  shown  that  there  are  disease  symptoms  that 
accompany  this  infection.  Our  studies  have  involved  infection  of  rabbits  with  HTLV-1  and 
denvauon  of  T  cells  lines  from  PBL  from  these  animals.  In  addition,  the  choroid  plexus  (CP) 
the  brain  of  an  infected  rabbit  was  placed  in  culture.  A  cell  line  has  been  derived  from  the  CP 
and  it  appears  to  be  transformed  (Truckenmiller).  It  is  presentiy  being  examined  for  the 
presence  of  HTLV-1  genome  in  the  cellular  DNA.  This  is  particularly  exciting  because  HTLV  is 
known  to  cause  a  disease  called  'Tropical  Spastic  Paraparesis"  in  man.  This  disease  affects  the 
central  nervous  system.  Use  of  the  polymerase  chain  reaction  has  facilitated  the  search  for 
HTLV-1  gene  products  in  potentially  infected  cells.  Rabbits  with  HTLV-1  will  be  carefully 
studied  to  determine  whether  hallmarks  of  the  adult  T  cell  leukemia,  such  as  ovcrcxprcssion  of 
IL2  receptors  on  T  lymphocytes  are  seen  in  this  animal  model. 

Characterization  of  Rabbit  MHC  Antigens.  The  rabbit  MHC  locus  designated  RLA  encodes 
class  I  and  class  II  molecules  similar  to  those  encoded  in  the  human  and  murine  system. 
However,  the  rabbit  class  I  family  is  smaller  than  that  seen  for  mouse  or  man,  thus  facilitating 
studies  on  these  molecules.  In  the  past  year  a  T  cell  specific  class  I  antigen  has  been 
charactenzed  according  to  its  structure  and  to  its  panem  of  expression  (Rebiere).  The 
transcript  for  this  T  cell  specific  class  I  gene  was  found  only  in  cymes,  appendix  and  spleen, 
even  when  the  sensitive  nucleus  protection  assay  was  used  to  search  for  RNA  corresponding  to 
this  gene.  A  search  for  a  sequences  involved  in  control  of  the  expression  of  class  I  genes  is 
underway.  These  studies  will  involve  searching  at  the  5  region  around  the  promoter  for 
sequences  that  are  involved  in  control  of  gene  expression.  This  can  be  carried  out  by  cloning 
fragments  of  rabbit  class  I  genes  next  to  CAT  genes  and  transfecting  appropriate  cells  with 
these  hybnd  constructs  (Lubin).  Several  regions  in  the  5'  flanking  section  of  an  expressed 
rabbit  class  I  gene  have  been  found,  that  are  homologous  to  regulatory  sequences  found  in 
mouse  and  man. 

Studies  on  class  n  MHC  antigens  in  rabbit  continue  to  indicate  a  close  similarity  between 
the  class  II  families  in  rabbit  and  in  man.  A  recent  complete  of  RLA-DR  has  been  completed 
and  sequence  comparisons  showed  highest  homology  to  the  human  HLA-DR  gene.  Probes  derived 
from  both  class  I  and  class  II  MHC  genes  in  the  rabbit  have  been  used  in  an  anempt  to 
establish  typing  procedures  for  this  species.  Because  of  the  lack  of  suitable  serologic  reagents. 
It  has  been  necessary  to  use  molecular  typing  procedures  in  order  to  obtain  RLA  typing  in  the 
rabbit.  In  collaboration  with  Dr.  Katherine  Knight,  it  has  been  shown  that  a  small  number  of 
probes  and  enzymes  digests  may  be  used  to  establish  haplotype  identification  in  the  rabbit. 

Experimental  Crescentic  Glomerulonephritis  (CGN^.  It  has  been  shown  that  the  rabbit  is 
a  suitable  subject  for  studies  of  CGN.  This  disease  may  be  induced  by  injection  of 
immunoglobulin  and  antibodies  directed  toward  rabbit  basement  membrane.  In  collaboration  with 
workers  at  the  University  of  Michigan,  we  have  shown  that  cells  that  infiltrate  the  kidney  in 
the  course  of  this  condition  are  T  cells  and  these  become  activated  as  the  disease  progresses. 
It  is  our  intention  to  characterize  these  cells  by  their  cell  surface  markers  and  by  the 
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specificity  of  their  antigen  receptors  (Lee).  These  studies  will  be  coordinated  with  other 
investigations  of  T  cell  sub-populations  in  the  rabbit. 

Studies  of  Human  T  cell  Receptor  Genes.  In  order  to  investigate  the  genetic  control  of 
human  immune  responses,  the  inheritance  of  several  genes  known  to  play  important  roles  in  a 
variety  of  immune  responses  (TCR)  genes  have  been  examined  by  Southern  blot  analyses  using 
specific  DNA  probes  to  identify  restriction  fragment  length  polymorphism  of  TCR  genes  detected 
by  RFLP  in  that  few  restriction  enzymes  reveal  polymorphism  with  a  given  probe  and  when 
polymorphism  is  observed  there  are  few  allelic  forms  of  each  marker.  However,  there  is 
considerable  polymorphism  in  the  combination  of  markers  inherited  together  in  both  TCR  alpha 
and  TCR  beta  haplotypes.  Recent  evidence  for  recombination  within  the  TCR  alpha  gene 
complex  has  been  obtained  in  family  studies  (Robinson).  Population  studies  suggest  that 
recombination  has  been  frequent  in  this  gene  complex.  These  observations  have  an  important 
impact  upon  studies  to  determine  whether  genes  are  associated  with  disease  susceptibility.  TCR 
and  disease  association  studies  will  most  informatively  be  performed  in  families  showing  a 
predisposition  to  a  particular  disease. 

There  is  compelling  evidence  that  susceptibility  to  Multiple  Sclerosis  is  inherited  and  that 
T  lymphocytes  play  a  role  in  the  pathogenesis  of  the  disease.  HLA  and  TCR  haplotypes  were 
determined  in  sibships  with  two  or  more  members  concordant  for  MS.  Of  the  16  families  studied 
to  date,  4  affected  sib-pairs  shared  0  haplotypes,  1 1  pairs  shared  1  haplotype  and  1  pair  shared 
0  haplotype.  In  addition  to  the  preponderance  of  shared  haplotypes  by  patients  there  was  also  a 
TCR  beta  RFLP  which  was  present  at  an  increased  frequency  in  unrelated  MS  patients. 
Correlation  between  RFLP  and  sequence  differences  in  TCR  beta  V  region  coding  sequences  was 
examined  by  amplification  of  genomic  DNA  using  the  Polymerase  chain  reaction  (PCR),  cloning 
into  ml 3,  and  DNA  sequence  analysis  (Grier). 

GENE  CONTROL  EXPRESSION 

Investigations  of  gene  regulation  in  B  lymphocytes  continue  to  focus  on  two  model 
systems:  The  human  kappa  light  chain  immunoglobulin  gene  and  the  human  J  chain  (Flanagan). 
The  expression  of  the  kappa  immunoglobulin  gene  is  regulated  buy  a  transcriptional  enhancer 
located  in  the  J-C  intron.  Two  domains  with  in  the  enhancer  that  bind  nuclear  proteins  have 
been  studied.  A  protein  which  binds  to  the  3'  domain  (at  the  kappa  E2  site)  has  been  further 
purified  (now  approximately  5000-fold)  and  a  molecular  weight  estimate  has  been  obtained  by 
UF-crosslinking/SDS-PAGE  analysis.  In  investigations  of  proteins  binding  to  the  5'  domain  of 
the  enhancer,  two  forms  of  binding  activity  at  the  kappa  b  motif  were  detected  by  an 
exonnuclease  protection  assay  of  nuclear  extracts;  NF  kappa  Bl  and  NF  kappa  B2.  The  latter 
activity  is  widely  distributed,  even  in  cells  that  do  not  transcribe  kappa.  NF  kappa  Bl  activity, 
however,  seems  to  be  confined  to  cells  in  which  die  kappa  gene  is  transcribed;  it  may  be  the 
functional  form  that  mediates  enhancer  activity.  In  nuclear  extracts  from  several  sources  in 
which  the  enhancer  is  inactive.  NF  kappa  Bl  binding  activity  could  be  induced  by  in  vitro 
treatment  with  guanidine  at  millimolar  concentrations  (Recker).  It  is  possible  that  the  induction 
observed  in  vitro  with  guanidine  may  occur  by  a  mechanism  similar  to  the  in  vivo  induction  of 
NF  kappa  B  reported  in  response  to  lymphokines.  The  H  chain  promoter  region  has  been 
analyzed  by  transfecting  into  a  myeloma  a  series  of  constructs  in  which  the  promoter— with 
various  deletions— is  lii^ed  to  a  chloramphenicol  acetyl  transferase  (CAT)  gene.  Deletions  in 
three  regions  of  the  promoter  have  been  found  to  affect  (CAT)  transcription  in  a  positive  or 
negative  way.  In  vitro  investigations  of  nuclear  extract  proteins  capable  of  binding  in  the 
promoter  region  have  detected  several  binding  sites,  at  least  one  of  which  appears  to  coincide 
with  functionally  important  sequence  (as  demonstrated  by  die  deletion  analysis). 
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MOLECULAR  AND  FUNCTIONAL  ANALYSIS  OF  HLA  CLASS  II  ANTIGENS 

An  immune  response  occurs  only  if  a  T  lymphocyte  has  been  able  to  recognize  a  foreign 
antigen  in  association  with  a  self  molecule  encoded  in  the  major  histocompatibility  complex 
(MHO.   MHC  molecules  expressed  on  antigen-presencing  cells  are  the  polymorphic  class  II 
anngens.  Most  foreign  anngens  must  be  processed  in  order  to  bind  to  MHC  molecules.  How 
the  processed  pcpddcs  are  generated  and  where  they  interact  with  MHC  molecules  is  largely 
unknown.  Experiments  in  progress  aim  to  define  the  function  of  the  different  human  class  11 
antigens  in  their  interaction  with  T  cells  and  to  learn  the  requirements  for  class  Il-restricted 
processing  and  presentation  of  viral  antigens.  Three  isotopic  class  II  antigens  are  expressed  in 
man:  HLA-DR.  -DP,  and  DQ.  Two  additional  transcribed  genes  have  been  identified  by  cDNA 
cloning  and  sequencing.  DN  alpha  (Rosen,  Bronsen)  and  DO  beta  (Long).  The  interaction 
between  a  class  II  MHC  molecule  and  a  specific  T  cell  is  complex  because  it  involves  (i)  an 
immunogenic  peptide,  (ii)  and  antigen-specific  T  cell  receptor  (TCR),  and  (iii)  the  CD4  molecule 
expressed  on  the  T  cell.  In  order  to  dissect  these  interactions  an  assay  has  been  developed  that 
measures  a  functional  CD4  class  II  interaction  in  the  absence  of  a  TCR-class  II  interaction 
(Long,  Sekaly,  Karp).  Using  this  assay,  it  has  been  demonstrated  that  both  HLA-DR  and  DP 
antigens  can  interact  with  CD4  and  that  ihc  site  on  CD4  involved  in  this  interaction  is  distinct 
from  that  to  which  HIV  binds. 

The  cytotoxic  T  lymphocyte  (CTL)  response  to  measles  virus  is  primarily  MHC  class 
n-restricted.  Transfected  cells  expressing  HLA-DR  antigen  and  cytoplasmic  viral  antigens  were 
efficiendy  lysed  by  measles  virus  -  specific  CTL's,  demonstrating  that  endogenously  synthesized 
cytoplasmic  proteins  can  be  presented  by  class  II  MHC  antigens  (Long,  Jacobson). 
In  addition  studies  on  the  HLA-DN  gene  have  indicated  that  more  than  one  transcript  in  made. 
A  novel  type  of  alternative  splicing  has  been  found  in  DN  alpha  (Rosen-Bronson).  The 
alternatively  spliced  RNA  encodes  a  shon  protein  totally  unrelated  to  the  class  II  DN  alpha 
chain,  except  for  a  shared  signal  sequence. 

Analysis  of  Human  Killer  T  cells.  Peripheral  blood  lymphocytes  grown  in  the  presence  of 
high  doses  of  interleukin-2  (IL-2)  acquire  the  ability  to  lyse  tumor  cells.  This  cytolytic  activity 
is  not  restricted  by  antigens  encoded  in  the  major  histocompatibility  complex  (MHC)  and  is 
observed  with  a  variety  of  both  autologous  and  allogeneic  tumors.  This  activity  has  been  called 
lymphokine-activated  killing  (LAK)  and  has  been  used  in  clinical  treatment  of  tumors.  The 
origin  of  cells  with  LAK  activity  and  the  mechanism  by  which  they  recognize  and  kill  their 
targets  are  unknown. 

More  than  20  clones  isolated  from  human  peripheral  blood  were  analyzed  for  their  ability 
to  lyse  fresh  tumor  cells  and  for  their  cell-surface  phenotype.  Most  of  the  clones  with  LAK 
activity  has  the  CD3"  CDS'  CD  16"*"  phenotype.  Populations  of  cells  with  this  phenotype  were 
punfied  by  a  combination  of  antibody-mediated  complement  killing  and  cell  sorting  with  the 
fluorescent  activated  cell  sorter.  RNA  extracted  from  clones  and  enriched  populations  of  cells 
with  LAK  activity  was  analyzed  by  hybridization  with  DNA  probes  for  the  presence  of 
transcnpts  derived  from  the  CD3  and  TCR  genes  (Biassoni).  Absence  of  mature  transcripts  from 
the  CD3  gamma,  CD3  delta,  TCR  beta  and  TCR  gamma  genes  showed  that  recognition  of  tumor 
cells  was  not  mediated  my  the  known  CD3-TCR  alpha-beta  or  gamma-delta  complexes. 
Interestingly,  all  CD3'  cells  with  LAK  activity  expressed  the  CD3  epsilon  and  TCR  delta  genes. 
This  finding  identified  these  cells  as  members  of  an  early  stage  in  the  T  cell  lineage. 

Expression  of  genes  encoding  various  lymphokines  in  activated  CD3"  CD4'  CDS"  CD  16"*" 
cells  was  measured.  The  pattern  of  lymphokine  expression  was  also  consistent  with  an  early 
stage  of  T  cell  maturation.  These  studies  identified  for  the  first  time  that  cells  with  LAK 
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activity  belong  in  the  T  cell  lineage  and,  furthermore,  that  they  represent  the  earliest  known 
stage  in  T  cell  differentiation. 
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LABORATORY  OF  IMMUNOGENETICS 

Annual  Repon 

October  1,  1987  to  September  30.  1988 

HONORS  AND  AWARDS 

In  the  past  year  Dr.  Kindt  has  presented  invited  seminars  on  laboratory  data  at  Emory 
University,  Amherst  College,  the  University  of  Connecticut  Health  Center,  Case  Western  Reserve 
University,  Georgetown  University,  Oxford  University,  the  Imperial  Cancer  Research  Institute 
and  at  the  Pasteur  Institute.  Seminars  were  also  presented  at  Merck  and  Company  and  at 
Hybridtech  Incorporated.  Results  of  laboratory  work  were  presented  at  the  FASEB  meeting  in 
Las  Vegas,  at  the  International  Workshop  on  H2  and  HLA  Gene  Cloning  and  at  the  International 
AIDS  meeting  in  Stockholm.  Dr.  Kindt  continues  to  serve  as  Deputy  Editor  of  the  Journal  of 
Immunology  and  on  the  Ediional  Advisory  Board  of  the  Journal  of  Experimental  Medicine.  He 
has  rccendy  been  invited  to  serve  as  Editor  for  a  new  journal  Current  Opinion  in  Immunology 
and  has  been  invited  to  serve  as  Regional  Editor  for  the  Annals  of  Institute  Pasteur.  Dr.  Kindt 
currently  serves  on  the  Scientific  Advisory  Board  of  Oncor  Incorporated  and  Southern  Biotech 
Incorporated.  He  is  a  member  of  a  review  panel  for  the  Multiple  Sclerosis  Society  and  holds  a 
posmon  as  Adjunct  Professor  at  the  Georgetown  University  School  of  Medicine.  Dr.  Mary  Ann 
Robinson  has  served  on  the  program  committee  for  the  AS  HI  meeting  and  chaired  a  session  and 
presented  data  at  this  meeting.  She  has  presented  seminars  on  her  data  at  Howard  University. 
In  October  she  was  an  invited  guest  of  the  Government  of  the  Peoples  Republic  of  China, 
presented  a  seminar  and  held  workshops  on  molecular  genetics  in  Shanghai.  Dr.  Enc  Long 
panicipated  in  the  International  Workshop  on  the  Molecular  Basis  of  Antigen  Presentation  by 
MHC  Molecules  in  Paris,  has  presented  a  paper  at  the  symposium  Gene  Regulation  in  the 
Developing  Immune  System  at  the  NTH  and  participated  in  the  UCLA  Symposium  Cell  Biology  of 
Virus  entry.  Replication  and  Pathogenesis  in  Taos.  New  Mexico.  He  was  also  an  invited  speaker 
at  the  Pittsburgh  Cancer  Institute  this  year.  Drs.  Long  and  Kindt  were  co-organizers  of  the 
Sixth  National  HLA  H2  Cloning  Workshop  that  was  held  in  Arlie,  Virginia  in  May  1988  and  both 
chaired  sessions  at  this  meeting. 

Administrative  Report 

During  the  past  year,  several  postdoctoral  fellows  have  joined  the  lab.  These  are  Dr. 
Emmy  Truckenmiller  from  Georgetown  University  and  Dr.  Alice  Grier  also  from  Georgetown 
University  who  have  joined  the  Immunogenetics  Research  Section.  Dr.  Dolores  Jaraquemada  from 
the  University  of  London  has  joined  the  Molecular  Immunology  Section  and  Dr.  Kevin  Lee  from 
Temple  University  was  award  an  NRC  Fellowship  to  work  with  Dr.  Kindt  in  the  Immunogenetics 
Research  Section.  Departures  from  the  lab  have  included  Dr.  Fatia  Mami  who  has  accepted  a 
permanent  position  at  the  Institute  Gustave  Roussy  outside  of  Paris  and  Dr.  Sandy 
Rosen-Bronson  who  was  named  Assistant  Professor  at  Georgetown  University.  Dr.  Henrietta 
Kulaga  was  appointed  to  a  position  at  the  National  Institutes  of  Mental  Health  but  will  stay  for 
this  year  and  serve  as  a  Special  Volunteer  in  the  Immunogenetics  Research  Section  to  continue 
work  that  she  has  begun.  Dr.  James  Ranagan  will  join  the  Institute  for  Child  Health  and 
Development  to  continue  his  fellowship  training. 
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LABORATORY  OF  IMMUNOGENETICS 

Annual  Report 

October  1,  1987  to  September  30,  1988 

LAY  LANGUAGE  SUMMARY 

Significant  Accomplishments 

Rabbit  cell  lines  have  been  infected  in  culture  with  Human  Immunodeficiency  Virus- 1 
(HTV-l)  the  causative  agent  of  human  AIDS.  Recently  evidence  has  been  obtained  for  in  vivo 
infection  of  rabbits  with  this  virus  and  studies  are  directed  toward  definition  of  an  animal  model 
for  HIV-1  infection.  Such  a  disease  model  would  greatiy  facilitate  development  of  vaccines  and 
testing  of  therapeutic  agents  for  this  disease.  It  would  furthermore  allow  detailed  studies  of  the 
mode  of  transmission  of  HIV-1  and  allow  examination  of  the  natural  course  of  this  disease  under 
controlled  experimental  circumstances. 

New  Initiatives 

The  retrovirus  HTLV-1  has  been  shown  to  be  the  causative  agent  for  adult  T  cell 
leukemia  (ATL)  and  is  strongly  implicated  in  a  neurological  disorder  called  tropical  spastic 
paraperesis.  It  has  been  shown  by  others  that  this  virus  causes  infection  in  rabbits.  Recent 
efforts  in  our  laboratory  have  been  directed  toward  molecular  definition  of  the  disease  caused  by 
HTLV-1.  Cell  lines  have  been  derived  from  the  peripheral  blood  of  rabbits  infected  with 
'  HTLV-1  and  placed  in  culture.  These  cells  are  under  study  to  determine  what  markers  are 
expressed  in  comparison  to  normal  T  lymphocytes  taken  from  uninfected  rabbits.  In  addition, 
studies  of  brain  cells  from  infected  rabbits  indicate  that  certain  cells  (choroid  plexus)  can  be 
transformed  with  HTLV-1.  These  studies  could  provide  evidence  concerning  the  mechanisms  by 
which  HTLV-1  causes  disease  in  man  and  could  lead  to  preventative  measures  to  combat  these 
diseases.  Although  previously  confined  to  Southern  Japan  and  certain  Caribbean  countries, 
HTLV-1  disease  is  becoming  more  common  in  the  United  States,  particularly  among  intravenous 
drug  users. 

Preliminary  studies  of  T  cell  receptor  genes  in  human  families  having  more  than  one 
member  of  with  Multiple  Sclerosis  have  indicated  a  possible  linkage  of  a  gene  in  the  T  cell 
receptor  complex  to  susceptibility  to  Multiple  Sclerosis.  Like  certain  other  autoimmune  diseases 
susceptibility  to  MS  is  increased  in  persons  having  certain  HLA  alleles.  It  is  questioned  whether 
a  study  of  the  HLA  and  TCR  genes  in  patients  may  show  an  increase  susceptibility  in  persons 
with  certain  combinations  of  alleles  of  these  interactive  gene  families. 
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The  rabbit  MHC  locuj.  designaied  RUV.  encodes  class  I  and  class  Q  molecules  simUai  to  those  encoded 
in  the  human  and  murine  systems.  However,  recent  structural  data  on  ihe  MHC  of  the  rabbit  suggest  thai 
(be  Rl-A  IS  considerably  closer  to  that  of  man  than  to  thai  of  mouse.  Protein  structural  and  molecular 
genenc  studies  of  the  rabbit  RLA  genes  have  been  conducted  using  a  rabbit  T-cell  line,  RL-5.  The  rabbit 
cUfs  I  family  contains  only  between  8  to  13  genes,  as  opposed  to  18  and  36  in  man  and  mouse  respectively. 
Stnictural  and  sequencing  data  are  now  available  for  four  cDNAs  and  three  corresponding  genes.  One  of 
them,  19-1.  has  been  shown  to  encode  the  only  class  I  protein  expressed  at  the  surface  of  the  cells.  Using 
probes  derived  from  these  genes,  expression  studies  ai  the  mRNA  level  have  been  performed  using  rabbit  cells 
Md  normal  rabbit  tissues.  The  genes  19-1  and  5-2  are  ubiquitously  expressed.  However,  the  third  gene,  7-1, 
if  transcribed  only  in  T-cell  lines  and  lymphoid  tissue  containing  T-cclls.  Transfection  experiments  of  the  7-1 
gene  to  determine  if  7-1  has  the  same  specific  panem  of  expression  in  other  cellular  environments.  The 
differential  panem  of  expression  of  the  rabbit  class  I  genes  provide  a  useful  system  to  study  the  mechanisms 
involved  in  the  regulation  of  expression  of  these  genes.  Search  for  sequences  and  factors  involved  in  the 
expression  of  the  gene  19-1  are  in  progress  by  using  CAT  assays  with  the  promoter  region  of  this  gene,  DNA 
regions  controlling  the  up  regulation  of  the  rabbit  class  I  genes  by  several  cytokines  are  also  under 
invesQgauon.  Studies  of  the  rabbit  class  Q  genes  revealed  thai  there  are  rabbil  genes  corresponding  to  every 
human  class  II  genes  found  in  the  HLA-D  region.  Rabbit  class  Q  genes  corresponding  to  the  Hl-A  -DR.  -DP. 
-DQ.  and  -DZCX  genes  have  been  partially  or  fully  sequenced.  Genenc  analysis  based  on  RFLP  using  selected 
probes  from  class  I  and  U  genes  have  provided  molecular  data  covering  linkage  of  class  I  and  class  Q 
nbregions  in  RLj\  and  new  haplotypcs  were  found  m  the  typing  an  extended  family. 
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This  study  aims  to  identify  the  cell  surface  markers  of  rabbit  lymphocytes  that 
correlate  with  functional  subpopulations  and  to  use  these  markers  to  identify  changes  in 
the  subpopulations  when  the  rabbit  is  infected  with  retroviruses  or  is  subjected  to 
autoimmune  disease.  Initial  studies  have  concentrated  upon  the  T-cell  compartment  and 
efforts  are  underway  to  identify  the  correlates  of  the  human  and  murine  markers  for 
helper  and  cytolytic  T-cells.  Approaches  to  this  problem  have  been  through  the  use  of 
monoclonal  antibodies  directed  against  cell  surface  antigens  and  be  efforts  directed 
toward  molecular  cloning  of  the  genes  for  homologs  of  human  CD4  and  CDS.  Antibodies 
have  been  used  to  monitor  distribution  of  specific  antigens  in  various  cells  and  lymphoid 
organs.  Further  studies  have  used  Western  blot  analyses  to  determine  the  size  of 
antigens  recognized  by  the  antibodies.  The  molecular  approach  to  the  identification  of 
CD4  like  molecules  in  the  rabbit  has  used  screening  of  a  cDNA  library  prepared  from 
rabbit  lymphoid  cells  witii  synthetic  oligonucleotide  probes  the  sequence  of  which  is 
deduced  from  common  regions  of  the  human,  mouse,  and  rat  CD4  homologs. 
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An  immune  response  occurs  only  if  a  T  lymphocyte  has  been  able  to  recognize  the 
foreign  antigen  in  association  with  a  self  molecule  encoded  in  the  major 
histocompatibility  complex  (MHC).  These  molecules  expressed  on  antigen-presenting  cells 
arc  the  polymorphic  class  II  MHC  antigens.  Most  foreign  antigens  must  be  processed  in 
order  to  bind  to  MHC  molecules.  How  the  processed  peptides  are  generated  and  where 
they  interact  with  MHC  molecules  is  largely  unknown.  The  aim  of  this  project  is  to 
define  the  function  of  the  different  human  class  II  antigens  in  their  interaction  witii  T 
cells  and  the  requirements  for  class  Il-restricted  processing  and  presentation  of  viral 
antigens.  Three  isotypic  class  II  antigens  exist  in  man:  HLA-DR,  -D,  and  -DP.  Two 
additional  transcribed  genes  have  been  identified  by  cDNA  cloning  and  sequencing:  DNQ 
and  DOp.  A  novel  type  of  alternative  splicing  has  been  found  in  DNa.  The  alternatively 
spliced  RNA  encodes  a  short  protein  totally  unrelated  to  the  class  II  DNa  chain,  except 
for  a  shared  signal  sequence.  The  interaction  between  a  class  II  MHC  molecule  and  a 
specific  T  cell  is  complex  because  it  involves  (i)  an  immunogenic  peptide,  (ii)  an  antigen- 
specific  T-cell  receptor  (TCR).  and  (iii)  the  CD4  molecule  expressed  on  the  T  cell.  In 
order  to  dissect  these  interactions  an  assay  has  been  developed  that  measures  a 
functional  CD4-class  II  interaction  in  the  absence  of  a  TCR-class  II  interaction.  Using 
this  assay,  it  has  been  demonstrated  that  both  HLA-DR  and  -DP  antigens  can  interact 
with  CD4  and  that  the  site  on  CD4  involved  in  this  interaction  is  probably  distinct  from 
that  to  which  HIV  binds. 

The  cytotoxic  T  lymphocyte  (CTL)  response  to  measles  virus  is  primarily  MHC 
class  Il-rcstncted.  Transfected  cells  expressing  HLA-DR  antigen  and  cytoplasmic  viral 
antigens  were  efficiently  lysed  by  measles  virus-specific  CTLs,  demonstrating  that 
cndogenously  synthesized  cytoplasmic  proteins  can  be  presented  by  class  II  MHC  antigens. 
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Injection  of  rabbits  with  human  cells  infected  with  human  immunodeficiency  virus  I 
(HTV-l)  has  lead  to  seroconversion  within  six  weeks  and  virus  has  been  cultured  from 
peripheral  blood  lymphocytes  (PBL)  from  the  injected  animals.  The  use  of  rabbits  for 
HIV-1  infection  was  prompted  by  our  recent  finding  that  rabbit  T  cell  and  macrophage 
lines  infection  in  vitro  with  HTV  produced  reverse  transcriptase,  RNA  viral  transcripts 
and  were  positive  for  viral  proteins,  by  immunofluorescence  and  by  Western  blots  using 
AIDS  patient  sera.  Evidence  for  in  vivo  infection  was  seen  in  rabbits  that  had  been 
previously  seroconverted  with  the  virus  HTLV-1  as  well  as  in  animals  with  no  history  of 
HTLV-1  infection.  Sporadic  signs  of  illness  were  seen  in  infected  animals  by  gross 
observation  and  by  chemical  and  hematologic  analyses.  Examination  of  organs  from 
necropsy  of  single  or  doubly  infected  animals  showed  splenic  enlargement  with 
hyperplasia  evident  upon  histologic  examination  which  also  revealed  that  lungs  were 
infiltrated  with  lymphocytes.  This  animal  model  for  HIV  infection  may  be  useful  for 
testing  vaccines  and  therapeutic  drugs,  for  determining  modes  of  HTV  viral  transmission 
and  for  following  the  natiu^  course  of  HTV-l  infection  in  an  experimental  animal. 
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Investigarions  of  gene  regulation  in  B  lymphocytes  continue  to  focus  on  two  model 
systems:  the  human  k  light  chain  immunoglobulin  gene  and  the  human  J  chain  gene.  The 
expression  of  the  K  immunoglobulin  gene  is  regulated  by  a  transcriptional  enhancer 
located  in  the  J-C  intron.  We  have  studied  two  domains  within  the  enhancer  that  bind 
nuclear  proteins.  A  protein  which  binds  to  the  3'  domain  (at  the  icE2  site)  has  been 
further  purified  (now  approximately  5000-fold)  and  a  molecular  weight  estimate  has  been 
obtained  by  UF-crosslinldng/SDS-PAGE  analysis.  In  investigations  of  proteins  binding  to 
the  5'domain  of  the  enhancer,  we  detected  two  forms  of  binding  activity  at  the  tcB  motif 
by  an  exonnucleasc  protection  assay  of  nuclear  extracts;  we  identify  these  as  NFkB  1  and 
NrFKB2.  The  laner  activity  is  widely  distributed,  even  in  cells  that  do  not  transcribe  K. 
NFkB  1  activity,  however,  seems  to  be  confined  to  cells  in  which  the  k  gene  is 
transcribed;  it  may  be  the  functional  form  that  mediates  enhancer  activity.  In  nuclear 
extracts  from  several  sources  in  which  the  enhancer  is  inactive,  NFkB  1  binding  activity 
could  be  induced  by  in  vitro  treatment  with  guanidine  at  millimoler  concentrations.  It  is 
possible  that  the  induction  observed  in  vitro  with  guanidine  may  occur  by  a  mechanism 
similar  to  the  in  vivo  induction  of  NFkB  reported  in  response  to  lymphokines.  The  J 
chain  promoter  region  has  been  analyzed  by  transfccting  into  a  myeloma  a  series  of 
constructs  in  which  the  promoter--with  various  deletions-is  linked  to  a  chloramphenicol 
acetyl  transferase  (CAT)  gene.  Deletions  in  three  regions  of  the  promoter  have  been 
found  to  affect  CAT  transcnption  in  a  positive  or  negative  way.  In  vitro  investigations 
of  nuclear  extract  proteins  capable  of  binding  in  the  promoter  region  have  detected 
several  binding  sites,  at  least  one  of  which  appears  to  coincide  with  functionally 
important  sequence  (as  demonstrated  by  the  deletion  analysis). 
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These  studies  involve  derivation  of  transformed  cell  lines  from  the  rabbit.  Recent 
attempts  have  utUized  the  retrovirus  HTLV-1  which  is  the  causative  agent  in  the  human 
adult  T-cell  leukemia  and  which  has  been  implicated  in  the  disease  tropical  spastic 
paraparesis.  Lines  have  been  derived  from  the  peripheral  blood  of  rabbits  infected  with 
HTLV-1  and  preliminary  data  show  that  these  are  T-cell  lines.  These  cells  contain  DNA 
corresponding  to  HTLV-1;  the  precise  pattern  of  integration  and  the  extent  of  the 
proviral  genome  in  the  lines  will  be  measured.  Choroid  plexus  was  taken  at  necropsy 
from  a  rabbit  that  had  been  infected  with  HTLV-1  for  about  1  year  and  an  adherent  cell 
line  has  grown  from  this  tissue.  Rabbit  lines  that  are  transformed  with  HTLV-1  appear 
to  be  highly  susceptible  to  infection  with  HTV-l.  The  possible  reasons  for  this  are  being 
investigated. 

Collaborative  studies  with  nephrologists  at  U.  Mich,  are  aimed  at  derivation  of  cell 
lines  from  kidneys  of  rabbits  with  experimentally  induced  crescentic  glomerulonephritis 
(CGN).  It  has  been  shown  in  preliminary  studies  that  the  cells  infiltrating  the  kidney  in 
the  course  of  this  condition  are  T-cells  and  that  they  become  activated  as  the  disease 
progresses.  It  is  our  intention  to  characterize  these  cells  both  by  their  cell  surface 
markers  and  by  the  specificity  of  their  antigen  receptors. 
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In  order  to  investigate  the  genetic  control  of  human  immune  responses,  the 
inheritance  of  several  genes  icnown  to  play  imponant  roles  in  a  variety  of  immune 
processes  has  been  analyzed  in  human  families.  HLA  and  T  cell  receptor  (TCR)  genes 
have  been  examined  by  Southern  blot  analyses  using  specific  DNA  probes  to  identify 
restriction  fragment  length  polymorphism  (RFLP).  These  studies  have  shown  that  there  is 
limited  polymorphism  of  TCR  genes  detected  by  RFLP  in  that  few  restriction  enzymes 
reveal  polymorphism  with  a  given  probe  and  when  polymorphism  is  observed  there  are 
few  allelic  forms  of  each  marker.  However,  there  is  considerable  polymorphism  in  the 
combinadon  of  markers  inherited  together  in  both  TCRa  and  TCRP  haplotypes.  These 
observadons  have  an  important  impact  upon  studies  to  determine  whether  TCR  genes  are 
associated  with  disease  susceptibility.  TCR  and  disease  association  studies  will  most 
informatively  be  performed  in  families  showing  a  predisposition  to  a  particular  disease. 
There  is  compelling  evidence  that  susceptibility  to  Multiple  Sclerosis  is  inherited  and  that 
T  lymphocytes  play  a  role  in  the  pathogenesis  of  the  disease.  HLA  and  TCR  haplotypes 
were  determined  in  sibships  with  two  or  more  members  concordant  for  MS.  Of  the  16 
families  studied  to  date,  4  affected  sib-pairs  shared  both  TCRP  haplotypes,  1 1  pairs 
shared  1  haplotypc  and  1  pair  shared  0  haplotypes.  In  addition  to  the  preponderance  of 
shared  haplotypes  by  patients  there  was  also  a  TCRP  RFLP  which  was  present  at  an 
increased  frequency  in  unrelated  MS  patients.  Correlation  between  RFLP  and  sequence 
difference  in  TCR(5  V  region  coding  sequences  was  examined  by  amplification  of  genomic 
DNA  using  the  polymerase  chain  reaction  (PCR),  cloning  into  ml 3,  and  DNA  sequence 
analysis. 
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Peripheral  blood  lymphocytes'  grown  in  the  presence  of  high  doses  of  interleukin-2 
(IL-2)  acquire  the  ability  to  lyse  tumor  cells.  This  cytolytic  activity  is  not  restricted  by 
antigens  encoded  in  the  major  histocompatibility  complex  (MHC)  and  is  observed  with  a 
variety  of  both  autologous  and  allogeneic  tumors.  This  activity  has  been  called 
lymphokine-activated  killing  (LAK)  and  has  been  used  in  clinical  treatment  of  tumors. 
The  origin  of  cells  with  LAK  activity  and  the  mechanism  by  which  they  recognize  and 
kill  their  targets  are  unknown.  More  than  20  clones  isolated  from  human  peripheral 
blood  were  analyzed  for  their  ability  to  lyse  fresh  tumor  cells  and  for  dieir  cell-surface 
phenotype.  Most  of  the  clones  with  LAK  activity  had  the  CD3'CD4'CD8'CD16'^ 
phenotype.  Populations  of  cells  with  this  phenotype  were  purified  by  a  combination  of 
antibody-mediated  complement  killing  and  cell  sorting  with  the  fluorescent-activated  cell 
sorter.  RNA  extracted  from  clones  and  enriched  populations  of  cells  with  LAK  activity 
was  analyzed  by  hybridization  with  DNA  probes  for  the  presence  of  transcripts  derived 
from  the  CDS  and  TCR  genes.  Absence  of  mature  transcripts  from  the  CDSy,  CD35, 
TCRP,  and  TCRy  genes  showed  that  recognition  of  tumor  cells  was  not  mediated  by  the 
known  CD3-TCR  a-P  or  y-S  complexes.  Interestingly,  all  CD3"  cells  with  LAK  activity 
expressed  the  CD3e  and  TCR5  genes.  This  finding  identified  these  cells  as  members  of 
an  early  stage  in  the  T-cell  lineage.  Expression  of  genes  encoding  various  lymphokines 
in  activated  CD3'CD4"CD8'CD16'''  cells  was  measured.  The  pattern  of  lymphokine 
expression  was  also  consistent  with  an  early  stage  of  T-cell  maturation.  These  smdies 
identified  for  the  first  time  that  cells  with  LAK  activity  belong  in  the  T-cell  lineage;  and 
furthermore,  that  they  represent  the  earliest  known  stage  in  T-cell  differentiation. 
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Introduction 


The  Laboratory  of  Immunology  is  concerned  with  the  elucidation  of  the  fundamental 
mechanisms  underlying  immunologic  responses.  It  has  made  rapid  progress  through  the  use  of 
new  technologies  that  have  created  a  revolution  in  immunologic  science.  These  are  the 
techniques  of  modem  molecular  biology,  monoclonal  antibodies,  long  term  lines  of  cloned  normal 
and  transformed  lymphocytes,  and  flow  cytometric  analysis.  These  methods  combined  with  newer 
techniques  in  protein  chemistry  and  cell  biology  should  allow  the  solution  of  many  of  the  major 
problems  that  have  concerned  immunologists  and  should  lead  to  important  advances  in  efforts  to 
regulate  the  normal  and  the  disordered  immune  response. 

Evolurionary  Conservation  of  Structure  of  Sterile  C|J.  Transcripts 

Sterile  transcription  of  immunoglobulin  genes  may  signify  an  "open"  state  of  chromatin  and 
has  been  suggested  to  represent  a  prelude  to  recombination  events  involving  these  genes.  Such 
sterile  transcription  is  known  to  occur  for  VH  genes  and  for  several  CH  genes.  Laboratory  of 
Immunology  scientists  have  examined  cDNA  clones  representing  sterile  C|J.  transcripts  obtained 
from  a  rabbit  splenic  cDNA  library.  They  demonstrated  that  this  cDNA  orignates  from  a 
position  80  bp  3'  of  the  conserved  octamer  sequence  in  the  JH-Cji  enhancer  region.  From  the 
cDNA  sequence,  it  was  inferred  that  the  mRNA  was  spliced  from  a  donor  site  635  bp  3'  of  the 
octanucleotide  sequence  to  the  C|J,  splice  acceptor  site.  Analysis  of  human  and  murine  Ig  regions 
indicates  preservation  of  the  splice  donor  site  in  the  comparable  intron  region  in  these  species; 
evidence  exists  that  some  human  and  murine  cell  lines  express  spliced  sterile  CjJ.  transcripts. 
The  striking  evolutionary  conservation  of  the  spliced  mRNA  strongly  suggests  that  the 
production  of  such  sterile  transcripts  plays  an  important  role,  beyond  merely  indicating  the  open 
state  of  chromatin,  in  the  development  of  mature  Ig  genes  or  in  switch  recombination  in  B  cells. 
(Mage,  LI/NIAID) 

Pairing  of  T  Cell  Receptor  (TCR)  a  and  (3  Chains  Shows  Striking  Selectivity  Suggesting  A 
Limitation  in  TCR  Repertoire 

Laboratory  of  Immunology  scientists  have  demonstrated  that  the  specificity  of  T  cells  for 
antigen  is  fully  defined  by  the  TCR  a  and  (3  chains  they  express.  This  was  demonstrated  by 
DNA-mediated  gene  transfer  experiments  in  which  genes  specifying  a  and  |3  chains  were 
expressed  in  a  T  cell  line  which,  as  a  result,  acquired  the  specificity  of  the  original  donor  of 
the  transferred  genes.  A  similar  situation  presumably  holds  for  y  and  5  chains  in  y/5  expressing 
T  cells.  In  the  course  of  such  studies,  it  was  observed  that  when  a  and  P  chain  genes  were 
transfected  into  cells  that  already  possessed  a  and/or  P  chain  genes,  the  pattern  of  surface  of 
expression  of  a/P  heterodimers  was  not  random.  This  was  monitored  by  the  use  of  monoclonal 
antibodies  specific  for  a  given  chain  and  the  level  of  surface  expression  was  compared  to  the 
level  expression  of  mRNA  encoding  that  chain.  In  extreme  cases,  it  required  20-fold  more 
mRNA  (and  presumably  intracellular  protein)  to  obtain  equivalent  cell  surface  expression  in  a 
TCR  heterodimer.  Most  of  the  variability  in  the  pairing  of  a  and  P  chains  appears  to  be  due  to 
differences  in  the  structure  of  germline  VP  segments  rather  than  to  D  or  J  segments  or  to  the 
N  region  diversity  created  in  the  joining  of  gene  segments.  Comparable  experiments  were  also 
carried  out  to  determine  whether  mixed  pairs  occurred  in  cells  that  expressed  genes  for  a,  P,  y 
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and  5  chains.   In  these  cases,  isotypic  chain  preference  in  pairing  was  vinually  complete;  no 
intcrisotypic  painng  was  observed.  These  results  indicate  that  there  is  a  requirement  for  a 
decree  of  strucuturaJ  complementanty  in  the  painng  of  the  TCR  chains  and  that  in  the 
cc^cxpressing  TCRs.  the  structure  of  the  Vp  chain  plays  a  key  role.  These  experiments  thus 
imply  that  the  repcnoirc  of  TCR  molecules  is  more  limited  than  would  be  postulated  by  simple 
combinatorial  association  and  that  there  must  have  been  some  evolutionary  pressure  to  accept 
preference  in  painng.  It  seems  liJdcy  that  such  pressure  may  have  been  the  need  to  preserve 
certain  cntical  receptors  that  were  capable  of  recognizing  some  agent  of  particular  imponance 
to  the  species.  Continued  exploration  of  the  linicage  between  T  cell  receptor  structure  and  both 
specificity  and  expression  promises  to  yield  imponant  information  about  the  nature  ot  the 
interaction  between  TCR  and  the  MHC/antigenic  peptde  ligand  and  thus  to  allow  more  precise 
effons  at  enhancment  or  elimination  of  responses  of  given  specificities.  (Saito  and  Germain. 
LI/NIAID). 

Identification  of  a  Region  of  the  Class  I  Major  Histocompatibility  Complex  K°  That  is  a  Major  T 
Cell  Receptor  Epitope 

Class  I  major  histocompatibility  complex  (MHC)  molecules  are  co-recognized  with  antigenic 
peptides  by  T  cell  receptors  of  CD8+  T  cells.  This  process  appears  to  be  analagous  to  the 
formation  of  the  ternary  complex  between  antignic  peptide,  class  II  MHC  molecule  and  TCR  that 
is  a  feature  of  antigen  recognition  by  CD4+  T  cells.  Laboratory  of  Immunology  scientists  have 
directly  determined  the  critical  site  on  the  K°  molecule  that  is  recognized  by  the  majority 
(perhaps  all)  alloreactive  cytotoxic  T  lymphocytes  that  lyse  K  -bearing  target  cells. 

These  studies  began  with  the  preparation  of  soluble  forms  of  class  I  MHC  molecules  by  the 
creation  of  chimeric  genes  consisting  of  the  exons  that  specify  the  extracellular  domains  of 
conventional  class  I  molecules  and  exons  that  specify  the  carboxy-terminal  portion  of  a  normally 
secreted  class  I  molecule  (QIO).  Large  amounts  of  various  soluble  class  I  molecules  were 
prepared  and  tested  for  their  ability  to  stimulate  or  inhibit  alloreactive  T  cells.  A  multivalent 
form  of  the  D  /QIO  molecule  proved  capable  of  stimulating  IL-2  production  by  a  D  -specific  T 
cell  hybridoma.   Soluble  K  /QIO  was  directly  shown  to  interact  with  a  K  -specific  T  cell 
hybridoma.  This  was  based  on  the  capacity  of  the  K  /QIO  molecule  to  inhibit  the  response  of 
the  hybridoma  to  cells  bearing  mutant  K    molecules.  Such  mutant  cells  stimulated  the 
hybridoma  less  vigorously^han  did  the  wild  type,  making  inhibition  more  feasible.  The 
concentration  of  soluble  K  /QIO  required  for  inhibition  was  0.1  |J.M,  suggesting  an  equilibrium 
constant  of  the  interaction  of  -10    M    .  This  represents  the  first  measurement  of  this  binding 
event  by  a  direct,  quantifiable  tjCchnique.  Since  the  K    mutants  stimulated  less  vigorous 
responses  than  the  wild  type  K    cells,  it  was  assumed  that  the  site  of  the  mutation  would 
impinge^on  a  (the)  site  recognized  by  the  TCR.  Thus,  a  peptide  corresponding  to  the  sequence 
of  the  K    molecule  in  this  region  (residues  163-174)  was  synthesized  and  shown  to  also  inhibit 
the  stimulation  of  the  T  cell  hybridoma  by  mutant  cells,  although  much  higher  concentrations 
were  required.  Even  more  dramatically,  it  was  shown  that  primary  allogenic  cytotoxic  T  cell 
responses  specific  for  K    were  specifically  inhibited  by  the  peptide  indicating,  that  the  site 
represented  by  residues  163-174  was  the  region  recognized  by  virtually  all  K    allospecific 
cytotoxic  T  cells.  This  work  is  of  great  imponance  in  understanding  the  structures  recognized 
by  T  cell  recepotrs  and  will  be  critical  to  funhcr  progress  in  rational  vaccine  design.  (Schneck, 
McCluskey,  Inman  and  Margulies.  LI/NIAID;  Coligan.  BRB/NIAID;  Munitz  and  Singer,  IB/NCI). 

Structure-Function  Analysis  of  Class  IT  Maior  Histocompatibility  Complex  (MHC)  Molecules 

Class  II  MHC  molecules  arc  heterodimers  consisting  of  a  and  [3  chains  that  act  as  key 
elements  in  the  process  by  which  CD4-t-  T  lymphocytes  recognize  and  respond  to  antigens.  These 
MHC  molecules  bind  peptides  derived  from  foreign  antigens  and  the  complex  of  class  II  molecule 
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and  antigenic  peptide  is  recognized  by  the  T  cell  receptor  (TCR). .  Laboratory  of  Immunology 
scientists  have  been  attempting  to  elucidate  the  relation  of  the  structure  of  class  II  molecules  to 
three  functional  characteristics  of  these  molecules:  1)  the  pairing  of  a  and  (3  chains  which  shows 
both  "allotypic"  and  "isotypic"  preferences;  2)  the  binding  of  antigenic  peptides  to  the  class  II 
molecule;  and. 3)  the  binding  of  the  TCR  to  the  class  II  molecule/antigenic  peptide  complex.  A 
related  and  important  issue  is  the  binding  of  CD4  molecules  to  class  U  MHC  molecules  and  the 
potential  competition  between  class  II  MHC  molecules  and  the  envelope  protein  of  the  human 
immunodeficiency  virus  in  binding  to  CD4. 

It  has  been  demonstrated  that  a  and  P  chains  encoded  by  the  same  class  11  locus  (I-A  or 
I-E,  repectively)  pair  preferentially  to  one  another.  This  isotypic  pairing  preference  accounts 
for  the  failure  to  observe  molecules  consisting  of  chains  encoded  in  I-A  pairing  with  b  chains 
encoded  in  I-E.  Similarly,  a  chains  tend  to  pair  preferentially  with  [3  chains  specified  by  cis 
encoded  genes  in  the  same  region  (allotypic  pairing).  Quantitative  studies  of  the  structural  basis 
of  these  pairing  preferences  using  DNA-mediated  gene  transfer  of  chimeric  genes  and  of  mutant 
genes,  obtained  by  site-directed  mutageneisis,  have  indicated  that  the  amino-terminal  portion  of 
both  the  a  and  P  chains  play  key  roles  in  pairing  preference  and,  based  on  inferences  from  the 
crystal  structure  of  a  human  class  I  molecule,  the  "preference  determining"  residues  are  located 
on  interior  strands  of  the  assembled  molecule.  Other  efforts  have  been  directed  at  identifying 
regions  of  the  class  II  molecules  which  participate  in  the  binding  of  antigen  peptides.  Based  on 
testing  functional  properties  of  transfectants  that  receive  either  wild  type  or  site-directed 
mutant  EP  genes,  residues  29,  72  and  75  of  the  P  chain  appeared  to  play  an  important  role  in 
determining  the  specificity  of  class  Il-antigen  interaction.  Interestingly,  studies  based  on  the 
capacity  of  T  cells  to  recognize  the  class  II  molecule  together  with  an  antigenic  peptide  suggest 
that  residue  79  of  the  P  chain  may  play  an  important  role  in  this  process.  This  work  promises 
to  yield  very  important  information  of  the  chemical  basis  of  the  formation  of  the  ternary 
complex  of  antigen-MHC  molecule  with  TCR  that  is  central  to  the  activation  of  T  cells  and  may 
have  very  important  implications  in  the  design  of  vaccines  that  can  lead  to  T  cell  activation. 
(Sant,  Ronchese  and  Germain;  LI/NT  AID) 

Multiply  Conjugated  High  Molecular  Weight  Soluble  Polymers  as  Tools  to  Study  Cellular 
Activation  Events  Requiring  Receptor  Cross-Linkage 

The  activation  of  specific  lymphocytes  by  antigen  depends  upon  cross-linkage  of  cell 
membrane  receptor  molecules.  Cross-linkage  can  be  achieved  by  bivalent  molecules,  such  as 
anti-receptor  antibodies  or  by  oligovalent  antigens,  such  as  lightly  substituted  hapten-protein 
conjugates.  Activation  resulting  from  such  cross-linkage  tends  to  be  of  relatively  small 
magnitude  and  requires  large  amounts  of  ligand,  far  beyond  what  appear  to  be  physiologically 
meaningful  concentrations.  On  the  other  hand,  very  efficient  activation  of  both  B  and  T 
lymphocytes  can  be  achieved  by  expressing  anti-receptor  antibodies  or  other  ligands  on  solid 
matrices.  Unfortunately,  it  is  very  difficult  to  measure  effective  concentrations  of  ligands  on 
such  surfaces  and  estimation  of  spacing  of  ligands  are  also  quite  uncertain.  LI  scientists  have 
prepared  high  molecular  weight  dextrans  and  Ficolls  and  high  molecular  weight  linear 
polyacrylamide  multiply  substituted  with  anti-receptor  antibodies  or  witii  soluble  class  I  major 
histocomaptibility  complex  molecules.  These  soluble,  highly  multivalent  ligands  are  very  efficient 
stimulants  of  cellular  activation.  For  example,  high  molecular  weight  soluble  dextran  bearing  ~20 
anti-IgD  antibodies  per  2  x  10°  daltons  of  polymer  stimulates  B  cell  DNA  synthesis  at  a 
concentration  of  anti-IgD  1000- fold  lower  than  required  when  soluble  anti-IgD  itself  is  used. 
These  concentrations  are  in  the  range  of  the  concentrations  of  type  2  antigens  (e.g. 
hapten-FicoU  conjugates)  required  for  antibody  responses  suggesting  that  they  reflect  physiologic 
stimulatory  conditions.  This  approach  has  also  been  used  for  stimulation  of  an  alloreactive  T 
cell  hybridoma.  A  soluble  form  of  the  D"  class  I  molecule  substituted  on  to  high  molecular 
weight  dextran  stimulated  production  of  interleukin-2  by  these  cells,  indicating  that  such 
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cross-linkage  was  sufficient  for  cellular  signal  transmission  and  activation.  This  approach  should 
have  broad  usefulness  in  analysis  of  immune  recognition  and.  indeed,  in  ail  biological  recognition 
systems  in  which  receptor  cross-linkage  plays  a  major  role.   In  panicular.  ii  may  allow  a  direct 
test  of  the  concept  that  ordered  cross-linkage  may  have  panicular  imponance,  such  as  through 
the  formation  of  particular  cell  surface  structures  that  mediate  signal  transduction.  (Inman. 
Schncck  and  Margulies,  LI/NIAID;  Brunswick.  Finkelman  and  Mond,  USL'HS;  Dintzis.  Johns 
Hopkins  School  of  Medicine). 

T  Lvmphocvtes  and  B  Lvmphocvies  Express  Strikingly  Different  Regulation  of  Intracellular  Free 
Calcium  Concentration 

Resting  intracelluar  free  calcium  concentration  [Ca-M-]i  is  -100  nM  while  extracellular  Ca-M- 
concentrations  are  -1  mM.  Laboratory  of  Immunology  scientists  have  shown  that  T  and  B 
lymphocytes  show  strikingly  different  management  of  [Ca-(-t-]i  under  conditions  of  Ca-i-t-  influx. 
which  arc  often  critical  elements  of  cellular  activation.  To  examine  this,  they  utilized  calcium 
ionophorcs  and  demonstrated  that  ionomycin  at  concentrations  between  .25  and  .8  |J..V1  causes  a 
stable  elevation  of  [Ca-M-]i  in  B  cells,  in  the  range  of  150  to  500  nM.  By  contrast,  T  cells 
exposed  to  the  same  concentrations  of  ionomycin  achieve  [Ca-M-]i  that  are  5  to  10-fold  higher. 
This  striking  difference  in  Ca-M-  management  depends,  in  pan.  on  a  much  more  active  Ca-M-  pump 
in  B  cells  than  in  T  cells,  as  demonstrated  by  measurements  of     Ca  efflux.  Funhermore.  T 
cells  possess  a  Ca-M-sensiuve  K+  channel;  at  [Ca-t-t-]i  levels  above  300  nM,  increased  K+ 
permeability  results  in  hyperpolarization  of  T  cells  whereas  B  cells  depolarize  when  [Ca-M-]i  is 
elevated.  If  induced  hyperpolanzarion  is  prevented  by  increasing  extracellular  K-i-  concentration 
prior  to  the  addition  of  ionomycin,  T  cell  [Ca-M-]i  is  greatly  diminished  and  the  difference  in 
[Ca-M-)i  levels  achieved  in  T  and  B  cells  in  response  to  ionomycin  is  markedly  decreased.  These 
reults  suggest  that  membrane  potential  regulates  that  action  of  the  Ca-M-  pump.  The  striking 
differences  in  Ca-M-  management  in  B  and  T  cells  may  indicate  a  distinctiveness  in  their 
responsiveness  to  receptor  cross-linkage  and  may  allow  independent  manipulation  of  the 
responses  of  these  two  cell  types.  (Ishida  and  Chused.  LI/NIAID) 

ExocyiQsis  of  Granules  of  Cytotoxic  Lymhocytes  if  Not  Required  for  Killing  Event 

Cytotoxic  T  lymphocytes  (CTL)  express  secretory  granules  that  contain  a  variety  of 
enzymes  and  other  proteins  that  have  been  considered  imponant  candidates  for  mediation  of  the 
cytotoxic  function  of  CTL.  The  release  of  granules  from  CTL  is  trigerred  by  receptor 
cross-linkage  and  appears  to  involve  the  activation  of  protein  kinase  C,  the  elevation  of 
cytosolic  [Ca-M-1,  the  translocation  of  extracellular  Ca-M-  into  the  cell,  and  the  function  of 
calmodulin  and  calmodulin-binding  proteins.  In  an  effon  to  unbderstand  this  process  more 
completely.  Laboratory  of  Immunology  scinetists  have  examined  the  calmodulin-binding  proteins 
of  lymphocytes.  They  have  shown  that  the  prinicpal  calmodulin-binding  protein  is  a 
calmodulin-dcpcndent  phosphatase.calcineurin.  This  suggests  that  dephosphorylation  may  be  a 
principal  outcome  of  elevation  of  cytosolic  [Ca-M-]  in  CTL. 

It  was  demonstrated  that  the  exocytosis  of  CTL  granules  that  results  from  either  receptor 
cross- linkage  or  from  stimulation  of  CTL  with  pharmacologic  agents  that  elevate  calcium 
(calcium  ionophores)  and  activate  protein  kinase  C  (phorbol  esters)  have  an  absolute  requirement 
for  extracellular  Ca-M.   Nonetheless,  as  LI  scientists  showed.  CTL-mediated  target  cell  lysis 
could  be  obtained  in  the  absence  of  extracellular  Ca-M-,  establishing  that,  despite  the 
attractiveness  of  this  theory  of  cell-mediated  cytotoxicity,  granule  release  was  not  required  for 
lysis.   Funhermore,  the  release  of  newly  synthesized  interferon  gamma  from  CTL  also  required 
extracellular  Ca-M-,  suggesting  that  such  secretion  was  also  not  essential  for  the  lytic  action  of 
CTL.  This  work  indicates  that  cytotoxic  mechanisms  not  requiring  translocation  of  calcium  into 
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the  CTL  play  a  important  role  in  the  function  of  CTL.  Efforts  to  delineate  such  mechanims 
are  now  in  progress.  (Tren,  Takayama  and  Sitkovsky,  LI/NIAID) 

Mast  Cell  and  Myeloid  Cell  Lines  Produce  Lymphokines  When  Stimulated  with  lonophores  or 
When  Fc  Receptors  are  Cross-Linked 

T  cell  derived  lymphokines  including  interleukin-3  (IL-3),  interleukin-4  (IL-4)  and 
interleukin-5  (IL-5)  have  profound  effects  on  many  cells  on  the  immune  system  and  other 
hematpoietic  lineage  cells.  Laboratory  of  Immunology  scientists  have  now  demonstrated  that 
long  term,  but  non- transformed,  lines  of  both  mast  cell  and  myeloid  lineage  can  also  produce 
these  lymphokines.  Previous  work  in  the  Laboratory  of  Immunology  had  shown  that  a  majority 
of  transformed  mast  cell  lines  expressed  mRNA  for  IL-4  and  that  these  lines  secreted  IL-4. 
The  growth  of  these  transformed  cells  was  not  dependent  upon  autocrine  production  of  IL-4 
and  addition  of  IL-4,  which  is  a  known  co-stimulant  of  the  growth  of  factor-dependent  mast 
cells,  had  no  effect  on  the  growth  of  cells  of  the  transformed  lines.  For  this  reason,  LI 
scientists  considered  the  possibility  that  IL-4  expression  in  transformed  mast  cells  represented 
the  range  of  products  produced  by  the  non-transforemed  mast  cells.  LeGros,  LeGros  and 
Watson  had  reponed  that  a  myeloid  line,  FDC.l,  secreted  IL-3,  IL-4  and  GM-CSF  when 
stimulated  with  immune  complexes.  That  led  to  the  consideration  that  a  common  mechanism 
might  control  lymphokine  production  in  non-lymphocytic  hematopoietic  cells.  The  observation 
that  immune  complexes  stimulated  lymphokine  production  by  FDC.  1  cells  was  confirmed  and 
extended.  It  was  shown  that  this  effect  was  due  to  the  cross-linkage  of  the  FcyRII  receptor 
on  the  myeloid  cell  since  a  soluble  monoclonal  antibody  (2.4G2)  to  this  receptor  inhibited 
lymphokine  production  and  2.4G2  immobilized  on  a  surface  stimulated  release.  The  production 
of  IL-3  and  IL-4  by  FDC.l  cells  was  inhibited  by  Cyclosporin  A  and  stimulated  by  calcium 
ionophores,  suggesting  that  it  required  new  transcription  of  lymphokine  genes  and  that 
elevation  of  cytosolic  [Ca-t-i-]  was  a  sufficient  signal  for  this  event.  This  work  was  then 
extended  to  factor  dependent  mast  cell  lines  derived  from  fetal  liver.  CFTL.12  cells  developed 
striking  upregulation  of  IL-3,  IL-4  and  IL-5  mRNA  levels  when  stimulated  with  ionomycin;  littie 
IL-2  mRNA  was  noted.  Furthermore,  sensitization  of  the  Fee  receptors  of  these  cells  with 
monoclonal  IgE  anti-DNP  antibodies  caused  secretion  of  IL-3  in  response  to  a  multivalent 
DNP-protein,  which  cross-linked  the  membrane  Fee  receptors.  These  cells  also  showed 
substantial  increases  in  mRNA  for  IL-3  and  IL-5  and  a  doubling  of  IL-4  mRNA. 

These  results  indicate  that  mast  cells  and  myeloid  cell  lines  can  produce  substantial 
amounts  of  several,  although  perhaps  not  all,  "T  cell-derived"  lymphokines.  Furthermore, 
physiologic  events  involving  cross-linkage  of  Fc  receptors  are  potent  stimuli  for  lymphokine 
production.  The  capacity  of  mast  cells  to  secrete  lymphokines  that  regulate  mast  cell  growth 
(IL-3  and  IL-4),  switching  to  the  expression  of  IgE  (IL-4),  and  differentiation  of  eosinophils 
(IL-5)  suggests  that  mast  cells  may  participate  in  allergic  inflammatory  responses  in  a  much 
more  central  manner  than  simply  by  releasing  vasoactive  amines.  This  may  suggest  strategies 
for  controlling  allergic  repsonses  and  for  enhancing  protective  immunity  to  parasites.  (Plaut,    - 
LeGros  and  Paul,  LI/NIAID;  Pierce,  LCMB/NCI) 

Dentritic  Epidermal  T  Cells  Displav  T  Cell  Receptors  of  the  7/8  Type  and  Adhere  to  Matrices 
Through  Members  of  the  Integrin  Superfamily  of  Cell  Adhesion  Molecules 

Dendritic  epidermal  T  cells  (DETC)  are  a  population  of  Thy-l-i-  epidermal  bone 
marrow-derived  cells  that  generally  fail  to  express  T  cell  receptors  (TCR)  consisting  of  a/p 
heterodimers.  Laboratory  of  Immunology  scientists  have  demonstrated  that  this  interesting  and 
potentially  very  important  cell  population  does  express  TCR  that  utilize  y/S  heterodimers. 
Careful  characterization  of  the  usage  of  these  chains  indicates  that  considerable  variability 
among  distinct  DETC  exists  in  the  precise  y  genes  used  and  in  the  strucutre  of  the  5  chain, 
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indicacing  that  this  cell  type  can  express  considerable  diversity  in  its  repenoire  of  expressed 
receptors.  Funhermore.  two  of  the  DETC  lines  expressed  two  distinct  TCR  y  chains,  derived 
from  distinct  y  loci,  suggesting  that  isotypic  exclusion  does  not  always  occur  for  y  genes  and 
proteins. 

.\mong  a  set  of  monoclonal  antibodies  to  DETC,  two  were  identified  that  immunoprecipitate 
a  molecule  that  appears  to  be  a  member  of  the  intcgrin  supperfamily  of  cell  adhesion  molecules 
(I-SCAM).  The  binding  of  DETC  to  fibronecdn  coated  plates  is  inhibited  by  the  tetrapeptides 
consisting  of  Arg-Gly-Asp-Scr  and  is  also  blocked  by  both  monoclonal  antibodies.  The 
monoclonal  anubodies  also  blocked  the  binding  of  DETC  to  surfaces  coated  with  vitronectin, 
collagen  or  fibrinogen.  These  specifcity  characterisitcs  suggest  that  the  surface  molecule  is 
similar  to  the  human  VLA-3  antigen.  Although  normal  mouse  lymphocytes  fail  to  bind  these 
monoclonal  antibodies  when  freshly  derived  from  an  animal,  several  long  term  lines  of  T  cells  do 
react  with  the  antibodies  and  their  reactivity  is  enhanced  by  antigen-specific  activation.  These 
reagents  should  be  of  great  value  in  understanding  lymphocyte  adhesion  properties  and  in 
clarifying  lymphocyte  homing  and  development  in  vivo.  (Yokoyama  and  Shevach,  LI/NIAID) 

rL-4  Controls  the  Production  of  IgE  Both  In  Vitro  and  In  Vivo 

IL-4  is  a  T  cell-derived  lymphokine,  also  known  to  be  produced  by  some  mast  and  myeloid 
cell  lines.  Laboratory  of  Immunology  scientists  discovered  this  lymphokine  in  experiments  aimed 
at  understanding  the  requirwments  for  stimulation  of  resting  B  cells  to  proliferate  when  their 
membrane  Ig  was  cross-linked.  Since  that  initial  description,  IL-4  has  been  shown  to  have  a 
wide  range  of  biologic  activities.  It  acts  on  both  B  and  T  lymphocytes,  as  well  as  on  cells  of 
virtually  every  hematopoietic  lineage  and  on  some  non-hemaotpoeitic  cells.  IL-4  has  been 
purified  to  horaogeniety,  cDNA  clones  for  IL-4  have  been  obtained,  and  IL-4  has  been  expressed 
in  a  variety  of  expression  systems.  This  year  LI  scientists  have  obtained  large  amounts  of  IL-4 
by  preparing  a  recombinant  baculovirus  in  which  the  IL-4  gene  has  been  substituted  for  the 
polyhedrin  gene.  This  has  made  possible  the  production  and  purification  of  milligram  quantities 
of  IL-4;  in  addition,  a  monoclonal  anti-IL-4  antibody  has  been  derived  and  large  amounts  of  the 
antibody  have  been  produced,  sufficient  for  in  vivo  experiments  to  test  physiologic  functions  of 
IL-4. 

Treatment  of  resting  B  cells  with  IL-4  and  lipopolysaccharides  causes  a  series  of  striking 
effects  on  the  B  cells.  These  include  upregulation  of  expression  of  class  II  major 
histocompatibility  class  molecules  and  of  FceRII  molecules  as  well  as  induction  of  Thy- 1  on  B 
cells  and  inhibition  of  expression  of  Fr/RII.  In  association  with  this  is  the  appearance  of 
membrane  IgGl  on  -50%  of  the  B  cells  and  of  membrane  IgE  on  15  to  25%  of  the  cells.  Indeed, 
2/3  of  the  cells  that  express  mIgE  also  express  mlgGl  and  these  cells  expressing  two  surface 
iostypes  can  be  purified  by  fiuorescense-activated  cell  sorting.  The  resultant  cells  give  rise  to 
IgGl  and  to  IgE  producing  cells  when  returned  to  culture  with  LPS  and  additional  IL-4.  This 
indicates  that  "double  positive"  cells  retain  the  genetic  information  for  the  secretion  of  IgGl 
and  suggests  that  in  their  expression  of  mIgE,  they  have  not  deleted  a  functional  IgGl  gene. 
Analysis  of  amounts  of  IgE  produced  indicates  that  IL-4  cosdmulation  with  LPS  can  cause 
secretion  of  very  large  quantities  of  IgE  (up  to  5  |ig/ml). 

IL-4  action  can  be  inhibited  in  vivo  by  the  administrations  of  large  amounts  of  monoclonal 
anti-IL-4  antiibodies.  The  efficiency  of  this  approach  is  demonstrated  by  the  observation  that 
elevation  of  expression  of  class  II  MHC  molecules  in  cenain  in  vivo  models  in  blocked  by 
anti-IL-4  antibody.  Monoclonal  anti-IL-4  antibody  profoundly  inhibits  (-99%)  both  primary 
polyclonal  IgE  responses  that  ensue  in  Nippostrongylus  -infected  mice  and  in  mice  injected  with 
anti-IgD  antibodies;  it  also  inhibits  specific  secondary  IgE  responses  in  animls  primed  with  alum. 
It  has  no  effect  on  polyclonal  primary  or  secondary  responses  of  other  isotypes,  including  IgGl, 
upon  which  it  has  profound  in  vitro  effects.  These  results  suggest  that  IL-4  may  be  an 
obligatory  factor  in  IgE  production  and,  possibly,  that  in  vivo  its  unique  range  of  actions  may 
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be  sufficiently  limited  so  that  interference  with  the  IL-4  pathway  of  stimulation  may  be  useful 
for  the  control  of  allergic  and  parasitic  disoorders.  (Snapper,  Ohara  and  Paul,  LI/NIAID;  Katona 
and  Finkelman,  USUHS;  and  Urban,  Department  of  Agriculture. 

In  Vivo  T  Cell  Responses  to  Allogeneic  Cells  are  not  Inhibited  by  Cyclosporin  A  Suggesting  the 
Use  of  Novel  T  Cell  Proliferation  Pathways 

Cyclosporin  A  is  a  potent  immunosuppressive  drug  which  mediates  many  of  its  functions 
through  blocking  the  stimulation  of  lymphokine  transcription.  Indeed,  the  activation  of 
lymphocytes  in  draining  lymph  nodes  that  is  observed  as  result  of  injection  of  anti-CD3  antibody 
into  the  footpad  is  largely  inhibited  by  administration  of  cyclosporin  A.  By  contrast,  if 
allogeneic  cells  are  injected  in  footpads,  there  is  vigorous  cellular  enlargement  and  expression  of 
IL-2  receptors  in  cells  within  the  draining  lymph  node  and  these  cells  show  substantial 
"spontaneous"  proliferation  and  IL-2  production  when  freshly  explanted.  Administration  of 
cyclosporin  A  to  such  animals  does  not  inhibit  these  responses  although  lit  does  appear  to  block 
in  vivo  IL-2  production  since  these  cells  do  not  show  any  stimulation  of  IL-2  mRNA  expression. 
When  the  cells  are  explanted  in  the  absence  of  cyclosporin  A,  they  produce  IL-2;  this  IL-2 
production  is.  inhibited  if  cyclosproin  A  is  added  to  the  culture.  Although  these  cells  fail  to 
secrete  IL-2,  their  proliferation  is  not  inhibited.  Monoclonal  antibodies  to  a  series  of  other 
lymphokines  also  fails  to  block  proliferation  of  T  cells  that  had  been  primed  in  vivo  to 
allogeneic  cells  in  the  presence  of  cyclosporin  A.  These  studies  indicate  a  mechanism  of  T  cell 
activation  that  is  not  inhibited  by  cyclosporin  A  which  may  be  mediated  by  an  as  yet 
unidentified  lymphokine  or  possibly  by  the  effect  of  antigen  itself.  In  addition,  this  work 
strikingly  points  out  that  spontaneous  IL-2  production  begins  when  cyclosporin  A  is  removed 
indicating  the  potential  danger  of  terminating  cyclosporin  A  treatment.  (Kroczek  and  Shevach, 
LI/NIAID). 
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Honors,  Awards  and  Scientific  Recognition 

Laboi^tory  ot  Immunology  scientists  play  imponant  roles  in  the  U.S.  and  international 
immunological  communities.   Dr.  William  E.  Paul  served  as  president  of  the  Amencan  Association 
of  Irmnunologists  and  was  the  recipient  of  the  3M  Life  Sciences  Award  from  the  Federation  of 
American  Societies  for  E.xpenmcntal  Biology.  Dr.  Ethan  Shevach  is  the  editor-in-chief  of  the 
Journal  of  Immunology  and  was  chairman  of  the  Gordon  Research  Conference  on  Imunochemistry 
and  Immunobiology.  Dr.  Ronald  Germain  was  organizer  and  chairman  of  the  Sixth  HLA/H2 
Cloning  Workshop. 

Laboratory  Scientists  serve  on  editorial  boards  of  many  scholarly  publications.  In  addition 
to  his  role  as  editor- in-chief  of  the  Journal  of  Immunology.  Dr.  Shevach  is  a  member  of  the 
editorial  boards  of  Cellular  Immunology  and  of  the  Journal  of  Immunological  Methods.  Dr.  Paul 
is  the  editor  of  the  .Annual  Revied  of  Immunology  and  is  an  advisory  editor  of  the  Journal  of 
Experimental  Medicine,  an  associate  editor  of  Cell,  and  a  member  of  the  editorial  boards  of 
Immunological  Reviews  and  of  the  Journal  of  Molecular  and  Cellular  Immunologv.  He  is 
consulting  editor  for  immunology  of  the  Cecil  Textbook  of  Medicine,  a  member  of  the  advisory 
editorial  board  of  the  IS  I  Atlas  of  Science  and  a  transmitting  editor  of  International 
Immunologv.  Dr.  Germain  is  a  deputy  editor  of  the  Journal  of  Immunologv  and  is  a  member  of 
the  advisory  editorial  board  of  the  Journal  of  Molecular  and  Cellular  Immunology  and  of  the 
Annuales  de  I'lnstitut  Pasteur.  He  served  as  an  acnng  associate  editor  of  the  Annual  Review  of 
Immunology.  Dr.  Mage  is  a  member  of  the  editorial  board  of  Immunogenetics.  Dr.  Inman  is  a 
member  of  the  editonal  board  of  Analytical  Biochemistrv.  is  an  advisory  editor  of  Molecular 
Immunology  and  is  a  member  of  the  newsletter  staff  of  ISBT  Communications.  Dr.  Chused  is  a 
member  of  the  editorial  board  of  Cytometry. 

Dr.  Paul  is  a  member  of  the  Board  on  Basic  Biology  of  the  National  Research  Council  and 
this  board's  Committee  on  Research  Opponunities  in  Biology.  He  completed  a  term  as  a 
member  of  the  board  of  directors  of  the  Federation  of  American  Societies  for  Expenmental 
Biology.  Dr.  Paul  is  a  member  of  the  committee  to  visit  the  Division  of  Medical  Sciences  of  the 
Board  of  Overseers  of  Harvard  College  and  of  the  advisory  committee  of  the  Pew  Scholars 
Program  in  the  .Medical  Sciences  and  of  the  selection  committee  for  the  RJR/Nabisco  Scholars 
Award  in  Immunology.  He  is  a  member  of  the  scientific  review  board  of  the  Howard  Hughes 
Medical  Institute,  of  the  board  of  scientific  advisors  of  the  Jane  Coffin  Childs  Fund  for  Medical 
Research,  of  the  board  of  scientific  consultants  of  the  Memorial-Sloan  Kettenng  Cancer  Center, 
of  the  scientific  advisory  committee  opf  the  Cancer  Research  Institute,  Inc.,  and  of  the  board  of 
directors  of  the  Foundation  for  Advanced  Education  in  the  Sciences.  He  is  chariman  of  the 
advisory  committee  of  the  Harold  C.  Simmons  Arthritis  Research  Center. 

During  the  past  year.  Dr.  Paul  chaired  and  presented  a  lecture  at  the  Plenary  Symposium 
"Frontiers  of  Biomedical  Research"  at  the  Centennial  of  the  National  Instiutes  of  Health.  He 
gave  the  3M  Lecture  at  the  annual  meeting  of  the  Federation  of  American  Socities  for 
Experimental  Biology  in  Las  Vegas.  He  chaired  a  symposium  and  presented  an  invited  lecture  at 
the  Congress  on  Cytokine  Research,  in  Philadelphia,  PA.  He  chaired  the  Ciba-Geigy  Drew 
symposium  on  New  Pharmacological  and  Physiological  Approaches  to  Immunmoregulation  and  was 
an  invited  lecmrer  at  the  New  York  Academy  of  Sciences  conference  on  the  Molecular  Basis  of 
the  Immune  Response;  at  the  UCLA  Conference  on  B  Cell  Development  in  Taos,  NM;  at  the 
UCLA  Conference  on  Molecular  and  Cellular  Mechanisms  of  Human  Hypersensitivity  and 
Autoimmunity  at  Keystone,  CO;  at  the  symposium  at  College  of  Physicians  and  Surgeons  of 
Columbia  University  honoring  the  centennial  of  Michael  Heidelberger's  binh;  and  at  the 
Symposium  on  Chemically  Induced  Autoimmunity  of  the  Immunotoxicology  Discussion  Group. 
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In  addition  to  his  role  as  chairman  of  the  Gordon  Research  Conference  on  Immunochemistry 
and  Immunobiology,  Dr.  Shevach  was  an  invited  lecturer  at  the  annual  meeting  of  the  American 
Society  of  Microbiology;  at  the  Midwinter  Conference  of  Immunologists,  Asilomar,  CA;  at  the 
Klenk  Conference  on  Immunology/Neurobiology;  and  at  the  Conference  on  Immunity  to  Cancer. 

Dr.  Germain  serves  as  a  member  of  the  Advisory  Committee  on  Clinical  Investigations  I- 
Immunology  and  Immunotherapy  of  the  American  Cancer  Society  and  as  a  member  of  the  Clinical 
Review  Subpanel  of  the  National  Institute  of  Allergy  and  Infectious  Diiseases.  Dr.  Germain  was 
a  plenary  speaker  at  the  10th  Histocompatibility  Workshop  of  the  American  Society  for 
Histocompatibility  Investigation;  an  invited  lecturer  at  the  meeting  "Molecular  Basis  of  Antigen 
Presentation  by  MHC  Molecules"  in  Paris,  France,  sponsored  by  the  Pasteur  Institute;  keynote 
speaker  and  special  consultant  at  the  World  Health  Organization  working  session  on 
"Exoerythroocytic  and  Asexual  Blood  Stage  Vaccines"  in  Geneva,  Switzerland;  session  chaiirman 
at  the  Gordon  Research  Conference  on  Immunochemistry  and  Immunobiolgy;  special  lecturer  at 
the  Marine  Biological  Laboratory  course  on  Biology  of  Parasitism;  and  an  invited  speaker  at  the 
meeting  on  Pattern  Recognition  by  T  Cells  sponsored  by  the  Cancer  Research  Institute,  Inc. 

Dr.  Mage  serves  as  the  American  Association  of  Immunologists  representitive  to  the  board 
of  the  American  Type  Culture  Collection.  She  chaired  a  symposium  on  Evolution  and  Function 
of  Antigen  Recognition  Mechanisms  at  the  International  Congress  of  Biochemistry  in  Prague, 
Czechoslovakia  and  was  an  invited  speaker  at  the  symposium  on  Immunoglobulin  Gene  Repertoire 
and  Regulation  at  the  Midwest  Autumn  Immunology  Conference. 

Dr.  Margulies  is  a  member  of  the  Immunology  and  Immunotherapy  Advisory  Committee  of 
the  American  Cancer  Society. 

Dr.  Sitkovsky  was  a  plenary  speaker  at  the  International  Workshop  on  Cellular  Cytotoxicity 
and  made  a  presentation  at  the  International  Workshop  on  "Calcium  in  Health  and  Disease"  in 
Nagoya,  Japan. 

In  addition.  Laboratory  of  Immunology  scientists  presented  seminars  at  major  universities, 
medical  schools  and  research  institutes  in  the  United  States  and  abroad. 


8-9 


Administrative.  Organizational  and  Other  Changes 

The  Laboratory  of  Immunology  adopted  a  sectional  structure  during  the  past  year.  The 
sccnons  established  were:  Cellular  Immunology  Section.  Ethan  M.  Shevach,  Section  Head; 
Lymphocyte  Biology  Section,  Ronald  Germain.  Section  Head;  Molecular  Immunogenetics  Section, 
Rose  G.  Mage.  Section  Head;  Molecular  Biology  Section.  David  H.  Margulies,  Section  Head; 
Transmembrane  Signalling  Section,  Thomas  Chused,  Section  Head;  Bioorganic  Chemistry  Section, 
John  K.  Inman,  Section  Head.  This  sectional  structure  should  allow  a  more  efficient  operation 
of  the  Laboratory  and  provides  appropriate  recognition  for  scientists  who  have  made  a  major 
contnbudons  to  the  Institute's  Intramural  Research  Program.  During  the  past  year.  Dr.  Richard 
Asofsky  joined  the  Laboratory  of  Immunology  as  a  senior  investigator  and  head  of  the 
Expenmental  Pathology  Section  and  Dr.  David  Scott  joined  the  Laboratory  as  a  senior 
investigator. 

The  Laboratory  of  Immunology  is  a  major  training  center  for  young  immunologists.  This 
was  made  clear  when  many  of  the  former  members  and  post-doctoral  fellows  of  the  Laboratory 
returned  for  the  NIH  Centennial  celebradon.  Three  of  the  Laboratory's  "alumni",  Baruj 
Benacerraf  (Harvard  Medical  School).  Mark  Davis  (Stanford  University  School  of  Medicine)  and 
John  Stobo  (Johns  Hopkins  University  School  of  Medicine)  presented  invited  lectures  at  the 
Immunology  Symposium  held  as  part  of  the  Centennial. 

During  the  past  year  several  scientists  completed  post-doctoral  training  or  sabattical 
periods  in  the  Laboratory  of  Immunology.  Among  them  were  Anne  Fortier.  Zvi  Grossman. 
Nagaradona  Harindranaih.  Richard  Lopez,  Kumeo  Ono,  Chrisirian  Peschell.  Marshall  Plaut. 
Kathleen  Melez,  Takashi  Saito,  Clifford  Snapper,  Hajime  Takayama,  Guido  Trenn.  and  Wayne 
Tsang.  In  addition.  Mark  Jenkins  and  Drew  Pardoll  who  began  post-doctoral  training  in  the 
Laboratory  of  Immunolgy  completed  that  training  this  year  in  the  newly  established  Laboratory 
of  Cellular  and  Molecular  Immunology  to  which  they  had  transferred  with  their  mentor  Dr. 
Ronald  Schwaru.  Each  of  these  scientists  made  imponant  contributions  to  the  Laboratory 
research  program. 

During  the  past  year,  several  scientists  joined  the  Laboratory  of  Immunology  for 
post-doctoral  training  or  sabattical  visits.  They  included  Takashi  Agui,  Masimo  AUegrucci.  John 
Classen,  Dan  Conrad,  Antonio  Filippini,  Graham  LeGros,  Steven  Maxfield,  Masako  Okajima, 
Jeffrey  Sherman  and  Hirotaka  Sugiyama.  It  is  anticipated  that  they  will  continue  a  tradition 
established  by  a  long  scries  of  outstanding  trainees  in  the  Laboratory. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Membrane  immunoglobulin  (mig)  acts  as  the  surface  receptor  used  by  B  lymphocytes  for 
recognition  of  antigens.  Cross-linkage  of  mIg  leads  to  activation  of  the  inositol  phopholipid 
metabolic  pathway,  elevation  of  cytosolic  Ca  concentration,  and  protein  kinase  C-mediated 
protein  phosphorylation.  These  events  can,  in  part,  be  mimicked  by  the  use  of  ionomycin  and 
phorbol  myristate  acetate  (PMA),  pharmacologic  agents  that  elevate  cytosolic  C?^and  that 
activate  protein  kinase  C.  We  have  recently  undertaken  a  study  of  the  protein  substrates 
phosphorylated  in  response  to  PMA  and  to  agents  that  cross-link  mIg.  Two  of  these  appear  to 
be  of  special  interest.  One,  lamin  B.  is  a  nuclear  filament  protein  that  is  the  major  nuclear 
species  phosphorylayed  in  cells  treated  with  PMA.  Lamin  B  is  phosphorylated  in  vivo  in  a 
pattern  very  similar  to  that  observed  for  in  vitro  phosphoylation  of  partially  purified  lamin  B  by 
PKC,  suggesting  that  PKC  or  a  PKC-like  kinase  gains  access  to  the  nucleus  and  phosphorylates 
substrates  in  that  site.  This  provides  a  means  for  the  rapid  transmission  of  surface  signal  to 
the  nucleus.  The  second  major  substrate  pp65-70  is  one  of  the  major  myristylated  proteins  of 
the  cell.  pp65-70  is  expressed  in  substantial  amounts  in  B  cells  and  B  lymphomas  such  as  WEHI- 
231  but  mature  T  cells  fail  to  express  pp65-70.  Immature  thymocytes  display  large  amounts  of 
pp65-70  while  more  mature  thymocytes  expres  only  small  amounts  of  pp65-70  indicating  that  this 
PKC-substrate  is  developmentally  regulated. 

The  means  through  which  receptor  cross-linkage  leads  to  activation  of  cellular  biochemical 
signals  is  still  unresolved.  Efforts  to  understand  the  molecular  requirements  for  signal 
generation  through  the  creation  of  chimeric  genes  that  express  the  external  domains  of  class  I 
or  class  II  MHC  molecules  and  the  transmembrane  and  cytoplasmic  domains  of  Ig  (fl,  5,  72b)  and 
the  examination  of  their  capacity  to  transmit  signals  are  in  progress. 
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A  major  effon  of  this  project  is  directed  toward  the  design  and  synthesis  of  highly  specific 
and  efficient  immunomodulators.  The  current  design  principle  is  based  on  the  signal 
amplification  produced  by  polyvalent  presentation  of  effector  molecules  and  is  closely  allied  with 
the  immunon  construct  of  Dintzis  et  al.  Effector  molecules  (e.g.,  monoclonal  antibodies  directed 
against  specific  cell  surface  proteins)  are  multiply  and  covalently  linked  to  soluble  polymer 
carriers  of  very  high  molecular  weight  using  heterobifunctional  reagents.  Various  structural 
parameters  are  being  varied  in  order  to  optimize  the  pertormance  of  these  immunomodulators, 
and  collaborative  studies  are  in  progress  to  explore  their  properties.  So  far  these  studies  have 
dealt  mainly  with  mitogcnic  stimulation  of  B  cells  by  soluble  conjugates  of  anti-IgP  and 
anti-IgM.  Conjugates  of  class  I  MHC  antigens  with  high  polymers  have  been  employed  in  studies 
of  T-ccU  receptor-MHC  interactions.  New  methods  are  being  explored  for  linking  antibodies 
through  their  polysaccharide  chains  to  high  molecular  weight  carriers. 

Another  imponant  aim  of  this  project  is  to  explore  the  property  of  general  multispecificiry 
of  antibodies  and  other  kinds  of  receptors.  Studies  are  in  progress  to  compare  the  frequency 
distribution  of  binding  constants  of  monoclonal  antibodies  for  large  numbers  of  diversely 
structured  substances.  Additional  studies  will  be  directed  at  showing  to  what  extent  binding 
events  from  the  above  trials  are  representations  of  alternative  modes  of  complementation  in  the 
binding  site  region  of  a  given  receptor.  These  findings  will  be  related  to  specificity  and  other 
important  functions  of  receptor-effector  interactions  and  networks  in  the  immune  system. 
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We  use  classical  immunogenetic  techniques  as  well  as  techniques  of  molecular  biology  to 
study  the  genetics  of  rabbit  immunoglobulins  (Igs)  and  T  cell  receptors  and  the  regulated 
expression  of  the  genes  that  encode  these  molecules. 

A  rabbit  cDNA  copy  of  splenic  mRNA  is  spliced  to  C|J.  from  a  site  635  bp  3'  of  the 
conserved  octanucleotide  of  the  heavy  chain  enhancer.  A  splice  site  is  present  at  a  similar 
position  in  the  intron  sequences  of  mouse  and  man.  There  is  evidence  that  such  spliced 
sterile  transcripts  occur  in  developing  B  cells  of  mice  and  in  some  human  cell  lines.  The 
evolutionary  conservation  of  die  spliced  mRNA  in  three  species  suggests  that  it  may  play  a 
functional  role  during  B  cell  ontogeny. 

We  are  characterizing  T  cell  receptor  CP  genes  from  rabbits  which  have  three  copies  of  the 
CP  constant  region.  We  previously  demonstrated  that  there  are  allotypes  of  rabbit  Cpi.  We 
have  now  sequenced  about  4  kb  of  a  cloned  6  kb  fragment  from  an  animal  of  type  b  and 
demonstrated  that  this  fragment  contains  a  rabbit  Cp2  gene.  Comparisons  with  the  cDNA 
sequence  from  an  animal  of  Cp  type  a  show  replacement  changes  in  the  first  and  third  exons 
thus  demonstrating  that  there  are  also  allotypic  forms  of  CP2. 

Decreased  galactosylation  of  IgG  that  is  observed  in  a  sera  of  rheumatoid  patients  is  also 
observed  in  the  IgG  prepared  from  sera  of  rabbits  post- immunization  with  Streptococcal 
vaccines.  Therefore  the  difference  in  IgG  galactosylation  seen  in  patients  may  also  be  induced 
rather  than  reflect  an  inherent  genetic  difference  in  individuals  with  rheumatoid  disease. 
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This  project  has  been  terminated. 
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Branch.  NIAID,  NIH  (J.  Coligan);  Laboratory  of  Chemical  Biology,  NIDDKD,  NIH  (D.  Cohen) 


L>B/BRANCh 

Laboratory  of  Immunology 


SECTION 

Cellular  Immunology  Section 


INSTITUTE  ANO  LOCATION 

NIAID,  MH.  Bethesda,  Maryland  20892 


TOTAL  MAN-vEAflS  PROFESSIONAL.  !  OTHER 

8.0  6.0  I  2.0 


CHECK  APPPOPOIATH  aOXlESI 

Z  (a)  Human  suDiects  [I  (b)  Human  tissues  C  (c)  Neither 

Z    (al)  Minors 
C   (a2)  Interviews 


SUMMARY  OF  WORK  /Um  ittnOvx}  unr^aucaa  ryp*   Oo  not  »K»M  m»  spact  ormioaa ) 

The  major  objective  of  our  studies  is  to  characterize  cell  surface  structures  on  T 
lymphocytes  which,  in  addition  to  the  antigen-specific  receptor  (TCR),  play  critical  roles  both 
in  vivo  and  in  virro  in  the  process  of  lymphocyte  activation.  The  TCR  as  well  as  other  cell 
surface  antigens  of  Thy- 1    dendritic  epidermal  T  cells  (DETC),  a  unique  population  of  cells 
comprising  1-2%  of  murine  epidermis,  have  been  extensively  characterized.   DETC  bear 
exclusively  76-TCR;  a  combination  of  biochemical  and  molecular  approaches  has  shown  that  both 
the  TCR  y-chain  and  the  TCR  5-chain  expressed  by  this  population  of  cells  exhibit  considerable 
diversity.  A  panel  of  monoclonal  antibodies  (mAbs)  has  been  generated  against  DETC.  One  mAb 
recognizes  a  cell  surface  disulfide  linked  dimcr  of  85  kD  under  non-reducing  conditions.  In  the 
presence  of  phorbol  esters,  this  mAb  is  a  potent  stimulator  of  T  cell  activation.  Its  biochemical 
and  functional  properties  suggest  that  this  mAb  identifies  the  murine  homologuc  of  the  human 
CD28  anngcn.  A  second  group  of  mAbs  identify  members  of  the  Integrin  Superfamily  of  Cell 
Adhesion  Molecules  (I-SCAM').  These  mAbs  specifically  inhibit  the  binding  of  DETC  to  a  number 
of  extracellular  matrix  proteins. 

We  have  also  continued  our  studies  of  the  Thy-1  and  Ly-6  antigens  which  are  coupled  to  the 
cell  membrane  via  a  phosphatidylinositol  (PI)  linkage.  We  have  obtained  evidence  for  additional 
Pl-linked  proteins  which  may  play  imponant  roles  in  cell-cell  interaction.   An  Ly-6-linked  gene 
has  been  cloned  and  shown  by  transfection  studies  to  be  Ly-6A.2.  Lastly,  we  have  shown  that  T 
lymphocytes  can  be  activated  in  vivo  by  allogeneic  cells  in  the  presence  of  the 
immunosuppressive  drug,  Cyclosporin  A  (Cy  A)  and  that  this  activation  process  is  independent  of 
any  of  the  known  Interleukins. 
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PERIOD  COVERED 

October  1,  1987  to  September  30,  1988 


TITLE  OF  PROJECT  (80  characters  or  less.  Title  must  lit  on  one  line  Between  me  Borders.) 

Rabbit  Allotypes:  Structure,  Organization  and  Regulated  Expression  of  Ig  Genes 


PRINCIPAL  INVESTIGATOR  (List  other  protassional  personnel  Below  the  Principal  Investigator )  (Name,  title,  latxratory.  and  institute  affiliation) 

PI:         R.  G.  Mage  Section  Head  LI,  NIAID 

Others:  B.  Newman  IRTA  Fellow  LI,  NIAID 

N.  Hole  Visiting  Fellow  LI,  NIAID 

N.  Harindranath  Visiting  Fellow  LI,  NIAID 

M.  Allegrucci  Visiting  Associate  LI,  NIAID 


COOPERATING  UNITS  r//any> — Babcl  Iiibi.  Iiiuimiiul.,  Bastfl,  Swiueilaiid  (A.  S.  Kelus),  Dept  Miuubiul., 
Univ.  Illinois  Med.  Ctr.,  Chicago,  IL  (Dr.  K.  Knight);  Dept  Biochemistry,  Univ.  Geneva,  Geneva, 
Switzerland  (J.  -C.  Jaton);  Nat'l  Univ.  Mexico,  Mexico  City  (E.  Lamoyi);  Nat'l  Inst,  of 
Animal  Industry,  Ibaraki,  Japan  (M.  Komatsu). 


LAB/BRANCH 

Laboratory  of  Immunology 


SECTION 

Molecular  Immunogenetics 


INSTITUTE  AND  LOCATION 

NIAID,  NIH,  Bethesda,  Maryland  20892 


TOTAL  MAN-YEARS: 

3.2 


PROFESSIONAL 

2.2 


1.0 


CHECK  APPROPRIATE  BOX(ES) 

n  (a)  Human  subjects           D  (b)  Human  tissues          D  (c)  Neither 
n   (a1)  Minors 
n   (32)  Interviews  


SUMMARY  OF  WORK  (Use  standard  unrvducad  type.  Do  not  excead  Ifte  space  providad.) 

We  Study  genes  of  the  rabbit  immune  system  by  techniques  of  molecular  biology.  The 
inheritance  of  serum  allotypes  of  two  rabbit  Ck  isotypes  and  restriction  fragment 
polymorphisms  (RFLPs)  of  the  genes  for  Vk,  Ck  and  the  Cp  of  the  Tcr  was  studied  through 
backcross  and  F2  matings.  The  rabbit  resembles  man  in  having  unlinked  Ck  and  Cp  loci 
whereas  in  mice  these  genes  are  linked  at  a  distance  of  ~8  centimorgans. 

We  devised  a  simple  and  efficient  method  for  determining  RFLP  types  on  large  numbers 
of  individuals  using  small  samples  of  peripheral  blood  or  sperm  cells.  The  technique  is  readily 
adaptable  to  any  application  requiring  DNA  from  small  numbers  of  cells  for  Southern  analyses 
including  pulsed  field  gel  electrophoretic  studies.  We  are  studying  the  low  relative  expression 
of  the  rabbit  K2  light  chain  isotype.  A  physical  map  of  the  duplicated  region  containing  two 
rabbit  kappa  light  chain  genes  is  being  generated. 

We  are  studying  the  atypical  expression  of  VHa2  genes  in  aU  rabbits  and  the  relationship 
of  the  mutated  chromosome  to  a  VH-CH  recombinant  chromosome.  We  are  mapping  the  heavy 
chain  regions  of  parental  and  recombinant  chromosomes  and  have  discovered  a  new  VH-CH 
recombinant.  The  present  studies  place  the  site  of  F-I  recombination  upstream  of  JH. 
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R.  Germain 

Section  Head 

LI,  MAID 
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LI,  NIAID 
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Visiting  Associate 

LI,  NIAID 

G.  Otten 
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LI.  NIAID 
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Research  Technician 

LI.  NIAID 
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Research  Technician 

LI.  NIAID 
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Research  Technician 

LI,  NIAID 
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Lymphocyte  Biology  Section 
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NIAID.  NIH.  Bethesda,  Marvland  20892 


TOTAL  MAfi-vEABS 
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4.5 


3.0 
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CHECK  APPnCPniATH  BOXIESI 

Z  (a)  Human  sutJiects 
Z   (ai)  Minors 
~    (a2)  Interviews 


[I  (b)  Human  tissues  D  (c)  Neither 


SUUMAAY  OF  WORK  lUtm  tfnaixt  unmaucaa  ryp*  Do  nor  ttc—d  ir>t  loac*  provtOaa.) 

Class  n  MHC  (la)  gene  products  play  critical  roles  in  a  variety  of  T  lymhocyte  responses.  A 
combination  of  immunological,  molecular  genetic,  and  biochemical  approaches  is  being  used  to 
study  the  relationship  between  la  structure  and  function. 

la  expression  has  been  examined  following  transfer  of  class  II  genes  into  L  cells.  These 
cxpenments  have  shown  that  the  efficiency  of  cell- surface  la  expression  is  controlled  by  both 
allele-specific  and  isotype- specific  structural  features  of  the  a  and  P  chains.  There  are  strong 
quantitative  preferences  in  the  formation  and  transpon  of  cenain  heterodimers,  explaining  the 
phcnotype  of  cells  expressing  multiple  class  II  MHC  a  and  (3  chains.  In  vitro  mutagenesis  studies 
have  mapped  two  major  regions  within  the  la  molecule  that  play  key  roles  in  controlling  the 
conformation  of  la  molecules  required  for  their  transpon  to  the  cell  membrane. 

Analysis  of  various  recombinant  la  molecules  with  monoclonal  antibodies  has  revealed  an 
unnexpcctcd  asymmetry  in  the  conformational  flexibility  of  the  postulated  a-helical  regions  of 
the  polymorphic  la  domains.  Site-directed  mutagenesis  studies  have  mapped  the  precise  role  of 
polymorphic  residues  of  the  I-E  molecule  with  respect  to  T  cell  receptor  interaction  or  peptide 
antigen  binding. 

The  cell  biology  of  antigen  processing  and  presentation  by  MHC  molecules  has  been  studied 
and  a  special  role  for  the  endosome/trans-Golgi  low  pH  companments  demonstrated.  The  rules 
controlling  class  I  vs  class  II  MHC  antigen  presentation  have  been  examined  using  anificially 
processed  soluble  protein  antigens,  with  the  data  indicating  that  the  way  antigen  enters  a  cell 
may  determine  the  MHC  molecule  used  for  presentation  to  T  cells. 

These  studies  arc  providing  new  insight  into  the  rules  governing  T  cell  co-recognition  of 
antigen  and  MHC  molecules,  and  the  biochemistry  and  cell  biology  of  protein  multimer  synthesis 
and  transport. 
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Molecular  Genetic  Analysis  of  Lymphocyte  Function 
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LAB/S  RANCH 

Laboratory  of  Immunology 


SECTION 

Molecular  Biology  Section 


INSTITUTE  AND  LOCATION 

NIAID,  NIH,  Bethesda,  Maryland  20892 


TOTAL  MAN-VEARS: 


5.0 


PROFESSIONAL 


4.0 


1.0 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects 
D  (al)  Minors 
D  (a2)  Interviews 


D  (b)  Human  tissues  D  (c)  Neither 


SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Oo  not  exceed  the  space  pmvidad.) 

The  ongoing  focus  of  the  laboratory  is  to  understand  in  detail  the  structure/function 
relationships  of  cell  surface  molecules  involved  in  the  immune  response.  In  particular,  we  have 
made  significant  progress  over  the  past  year  in  several  areas:  A.  generating  a  panel  of 
molecularly  engineered, soluble.counterparts  ofihejnurine^lass  I  major  histocompatibility 
antigens  H-2K^  H-2D'^,  H-2L^,  H-2K^,  H-2K°"^^,  H-2K°"^^,  H-2K°™^^,  and  the  human  class  I 
MHC  molecule  HLA-A2;  B.  using  these  soluble  molecules  to  study  the  biochemical  requirements 
for  activation  of  allqspecific  T  lymphocytes;  C.  using  these  soluble  molecules  to  estimate  the 
affinity  of  an  H-2K"-reactive  T  cell  receptor  for  the  H-2K°  molecule;  D.  identifying  a  region  of 
the  class  I  molecule  that  appears  to  be  a  major  T  cell  receptor  binding  site;  E.  studying  the 
binding  of  antigenic  viral  peptides  to  purified  soluble  MHC  class  I  molecules;  F.  producing 
transgenic  mice  that  express  a  soluble  counterpart  of  the  soluble  H-2D'^  molecule  to  study 
fundamental  questions  of  the  generation  of  T  cell  tolerance  and  education;  G.  developing  a 
strategy  for  the  production  of  soluble  counterparts  of  membrane  molecules  allowing  dimeric 
production  and  simple  purification. 
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LAB/BRANCH 

Laboratory  of  Immunology 


SECTION 

Lymphocyte  Biology  Section 


INSTmjTE  ANO  LOCATION 

NIAID,  NIH,  Bethesda,  Maryland  20892 


TOTAL  MAN-YEARS  PROFESSIONAL.  I  OTHER 

4.5  3.5  ;  1.0 


CHECK  APPROPRIATE  BOXiES) 

Z  (a)  Human  subiects  Z  (b)  Human  tissues  Z  (c)  Neither 


_    (al)  Minors 
Z   (a2)  Interviews 


SUMMARY  OF  WORK  ii/M  tnnaam  unmaucta  ryp*  Oo  not  tjrcawl  m*  scan  ivovkmo j 

T  lymphocytes  divide  and  differentiate  when  they  receive  an  appropriate  activation  signal. 
This  signal  can  be  provided  by  a  clonally-distributed,  specific  antigen  receptor  (Ti-T3),  or 
through  cenain  broadly  distributed  cell  membrane  structures.  Molecular  biological  and  in  vitro 
cell  culture  techniques  have  been  used  to  investigate  the  expression  of  the  genes  encoding  these 
activation  structures,  and  to  study  the  relationship  between  structure  and  function. 

We  have  shown  by  DNA-mediated  gene  transfer  that  the  two  defined  T  cell  receptor 
hetcrodimers  assemble  in  a  mutually  exclusive  manner.  Thus,  in  cells  possessing  all  four  chains 
(a,p,Y,5)  after  transfection,  only  aP  and  y6  dimers  were  found  associated  with  CD3  on  the  T  cell 
membrane.   In  such  cells,  the  two  dimers  can  compete  for  limiting  CD3,  leading  to  rapid 
degradation  of  the  non-CD3  associated  molecules. 

Analysis  of  cells  possessing  competing  functional  a  and  [5  chains  unexpectedly  revealed 
striking  asymmetries  in  the  efficiency  of  expression  of  certain  chain  combinations.  The 
varianon  between  two  given  combinations  could  be  as  great  as  20x.  Much  of  this  difference  can 
be  attributed  to  the  germline  Vp  segment,  implying  that  this  region  interacts  with  the  a  chain  in 
a  structurally  constrained  manner.  This  observation  suggests  that  the  T  cell  repertoire  may  be 
limited  in  pan  by  the  failure  of  certain  aP  combinations  to  yield  enough  surface  receptor  for 
function. 

Experiments  with  a  CD3  negative  murine  hybridoma  made  CD3  positive  by  TCR  gene 
transfection  raised  questions  about  the  currentiy  accepted  model  of  receptor  mediated  signalling. 
Thus,  this  reconstituted  cell  regained  the  ability  to  be  activated  by  anti-Thyl  or  anti-Ly6 
monoclonal  antibodies,  but  its  response  (rt^easurcd  as  1L2  secretion)  occurred  in  the  absence  of 
detectable  changes  in  the  intracellular  [Ca*""'^  or  generation  of  phosphoinositides.  These  findings 
suggest  that  other  second  signals  may  play  a  critical  role  in  gene  activation  following  receptor 
occupancy. 

These  studies  will  enhance  our  knowledge  of  which  cell  membrane  molecules  arc  involved  in 
triggering  T  cells  to  exert  regulatory  and  effector  function,  and  our  understanding  of  the 
structural  basis  for  specific  T  cell  responses  to  antigen. 
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CHECK  APPROPRIATE  SOX(ES) 

□  (a)  Human  subjects 
n   (a1)  Minors 
n  (a2)  Interviews 


D  (b)  Human  tissues  D  (c)  Neither 


SUMMARY  OF  WORK  (Use  standairi  unreducati  typu.  Do  not  exceed  the  space  provided.) 

The  process  of  signal  transduction  across  the  lymphocyte  plasma  membrane  is  under 
investigation.  Novel  fluorescent  probes  of  physiologic  parameters  such  as  membrane  potential. 
intracellular  free  ionized  calcium,  and  intracellular  pH.  in  conjunction  with  the  high  sensitivity 
and  single  cell  resolution  of  flow  cytometry,  are  being  utilized.  These  studies  have  revealed 
extensive  "feed-forward"  and  "feed-back"  regulatory  relationships  between  ion  channel  opening, 
membrane  potential,  activity  of  the  calcium  pump,  and  rate  of  phosphatidyl  inositol  turnover. 
These  mechanisms  differ  in  the  T,  B  and  monocyte/granulocyte  lineages. 
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Visiting  Fellow 

LI.  NIAID 
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Guest  Worker 
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Staff  Fellow 
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David  H.  Margulies 

Section  Head 
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Section  Head 
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Guest  Worker 
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William  Humphrey 

Technical  Assistant 

LI.  NIAID 

LAS/BAANCh 
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PROFESSIONAL 


CHECK  APSOOPOIATE  aCxiES) 
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Z   (a2)  Interviews 


C  (b)  Human  tissues 
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SUMMAAV  Of  WORK  lUm  sfnoan)  ijnmoucta  yp».  Oo  not  cicmO  m*  spac*  onvKfUl 

To  identify  proteins  (enzymes)  involved  in  T  cell-receptor  (TCR)-triggered  mechano- 
biochemical  activities  of  cytotoxic  T-lymphocytes  (CTL).  we  study  the  functional  organization  of 
cell  surface  receptors  and  underlying  membrane  matrix/cytoskeleton,  as  well  as  biochemical 
events  that  follow  occupation  of  functionally  imponant  surface  proteins  by  appropriate 
crosslinking  ligands.  antigens,  or  mAb.   Biochemistry  of  CTL  activation:  We  developed  a  novel 
functional  assay  (granule  exocytosis  assay)  for  CTL  activation  and  characterized  activating  and 
inhibitory  biochemical  pathways.  These  pathways  are  implicated  in  "ON"  and  "OFF"  signalling 
which  forms  a  basis  for  cyclic  activities  of  CTL.  Protein  kinase  C  and  calmodulin-binding 
proteins  (CaM-BP)  are  pan  of  TCR-triggered  activating  pathway,  while  cAMP-dependent  protein 
I    kinase  which  counteracts  both  early  and  late  events  of  activating  pathway,  represents  the  key 
I    enzyme  of  inhibiting  pathway.  The  biochemical  studies  of  T-cells  suggested  that  CaM-dependent 
phosphatase  (caicineurin)  is  the  main  beneficiary  of  TCR-induced  increases  in  intracellular  Ca"*"*" 
and  pointed  to  the  dephosphorylation  reactions  as  the  major  response  to  TCR  crosslinking. 
Plasma  membrane  organization:  During  functional  studies  of  organization  of  surface  proteins  we 
,    came  to  the  conclusion  that  inhibition  of  CTL  activation  by  anti-CD8  mAb  is  most  likely 
explained  by  physical  proximity  of  CD8  with  TCR.  However,  near-neighbor  analysis  studies 
with  chemical  cross-linking  reagents  unexpectedly  revealed  that  CD8  is  most  easily  crosslinked 
to  class  I  MHC  proteins  on  the  surface  of  CTL.  The  experiments  designed  to  isolate  and 
characterize  functional  domains  in  CTL  plasma  membrane  suggest  the  existence  of  a  subset  of 
surface  proteins  which  are  associated  with  membrane  matrix  and  demonstrated  TCR-dependent 
changes  in  iheu-  organization.   Immunopharmacological  implications:  A  novel  strategy  is  suggested 
for  manipulation  of  immune  response  by  taking  advantage  of  newly-found  knowledge  of 
biochcmiscry  of  lymphocyte  activation.  Non-tumor  promoting  protein  kinase  C  activators  (e.g. 
compounds  of  Bryostatin  family)  and  antagonists  of  cAMP  (e.g.  Rp-cAMPS)  arc  proposed  to  be 
used  as  immunocnhancing  drugs. 
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in  the  in  vivo  regulation  of  IgE  production. 

Although  T  cells  are  normally  thought  of  as  the  prinicipal  if  not  die  sole  source  of  IL-3.  IL-4 
and  IL-5.  we  have  now  shown  that  non-transforined  factor-dependent  mast  cell  lines  stimulated 
with  calcium  ionophores  secrete  IL-3  and  IL-4  and  express  substantial  amounts  of  mRNA  for 
IL-3,  IL-4,  and  IL-5.  Mast  cell  lines  release  IL-3  and  express  mRNA  for  IL-3,  IL-4  and  IL-5 
when  their  F^  receptors  are  cross-linked.  These  results  suggest  that  mast  cells  may  participate 
in  allergic  inflammation  not  only  through  the  release  of  vasoactive  amines  but  also  through  the 
production  of  factors  that  regulate  the  growth  of  mast  cells  and  eosinophils  and  that  cause 
switching  to  the  production  of  IgE. 

Efforts  to  characterize  the  IL-4  receptor  and  to  clone  the  IL-4  receptor  gene  are  in  progrss.  In 
addition,  a  cell  line  has  been  obtained,  CT.4S,  that  provides  a  specific  and  sensitive  bioassay  for 
IL-4.  IL-4  has  also  been  expressed  in  the  baculovirus  system,  providing  a  source  for  very 
substantial  amounts  of  the  recombinant  product. 
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To  develop  effective  therapeutic  and  vaccine  strategies  to  combat  infection  with  HIV-1,  the 
cause  of  AIDS,  it  is  essential  to  understand  the  cell-mediated  immune  response  to  this  infectious 
agent.  Towards  this  end,  model  systems  for  immunization  with  HIV  proteins  are  being  devised 
and  used  to  test  the  ability  of  these  proteins  to  stimulate  various  subsets  of  T  lymphocytes. 

Initial  experiments  have  utilized  a  mouse  model.   Animals  were  immunized  with  recombinant 
vaccinia  virus  containing  an  e-xpressible  form  of  the  env  gene  of  the  Illb  strain  of  HIV-1, 
encoding  the  gpl60  molecule.  Lymphoid  cells  from  such  immunized  mice  were  restimulated 
in  vitro  either  with  vaccinia  recombinant  virus  infected  cells  or  transfected  cells  expressing  the 
gpl60  protein.  H-2    T  cells  from  such  restimulated  cultures  were  found  to  contam  cytotoxic  T 
lymphocytes  (CTL)  with  specificity  for  the  gpl60  protein  in  the  context  of  H-2D'^.  No  such 
responses  were  observed  with  cells  from  H-2    mice. 

Synthetic  peptides  corresponding  to  segments  of  the  gpl60  molecule  were  used  to  map  the 
sites  being  recognized  by  these  CTL.  Only  a  single  major  recognition  site  was  identified  that 
appeared  to  be  the  target  of  essendally  all  CTL  elicited  under  these  conditions.  This  site  was 
in  an  area  of  extensive  sequence  variation  among  isolates  of  HIV-1. 

These  data  indicate  that  there  may  be  significant  effects  of  MHC  gene  polymorphism  on  the 
response  to  HIV  proteins  and  that  the  immunodominant  regions  may  be  subject  to  strong 
selection  in  vivo,  resulting  in  viral  escape  from  immune  recognition  following  immunization  with 
antigen  corresponding  to  a  single  sequence.  Additional  studies  arc  underway  to  extend  these 
observations  to  other  HIV  proteins  and  to  responses  by  human  T  cells. 
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Programs  in  the  Laboratory  of  Immunopathology  continue  to  focus 
on  host-virus  interactions,  with  particular  emphasis  on  murine 
retroviruses  (MuLV)  and  papovaviruses ,  and  development  and 
function  of  the  hematopoietic  system.   The  viruses  are  studied 
for  the  mechanisms  by  which  they  induce  neoplastic 
transformation,  immunodeficiency  or  other  disorders  using  a  wide 
variety  of  techniques  in  tissue  culture  virology,  molecular 
biology,  protein  chemistry,  cell  biology  and  cellular  immunology. 
Different  host  species  are  studied  for  genetic  determinants  of 
resistance  and  susceptibility  to  disease  and  immunologic 
responses  that  contribute  to  the  development  of  these  phenotypes. 
Patterns  of  normal  hematopoietic  differentiation  are  evaluated  to 
understand  how  particular  cell  lineages  are  targeted  for 
transformation  by  specific  viruses,  and  how  these  patterns  are 
altered  by  virus  infections  or  mutations  that  result  in 
development  of  autoimmunity.   Studies  of  normal  cells  are 
complemented  by  analyses  of  tumor  cells  transformed  in  vitro  or 
in  vivo  by  a  variety  MuLV  or  DNA  viruses .   Studies  of  naturally- 
occurring  and  molecularly  engineered  recombinant  viruses  have 
provided  fundamental  insights  into  the  nature  of  specific  viral 
sequences  critical  to  disease  induction.   Finally,  analyses  of 
acutely  transforming  viruses  containing  oncogenes  have  been  used 
to  determine  how  aberrant  expression  of  cellular  genes  affects 
the  biology  of  different  cells  to  produce  the  transformed 
phenotype . 

Over  the  last  four  years,  members  of  LIP  have  been  studying  the 
pathogenesis  of  a  retrovirus -induced  immunodeficiency  syndrome  of 
mice,  termed  MAIDS.   During  the  last  year,  considerable  progress 
has  been  made  in  understanding  the  characteristics  of  the 
etiologic  viruses,  the  effects  of  infection  on  the  immune  system, 
and  genetic  determinants  of  resistance  to  disease.   The  virus 
preparation  causing  MAIDS  was  found  earlier  to  contain  a  mixture 
of  ecotropic  and  mink  cell  focus -inducing  (MCF)  MuLV.   We  have 
shown  that  biologically  cloned  infectious  viruses  belonging  to 
either  class  do  not  induce  the  major  manifestations  of  mouse  AIDS 
-  lymphadenopathy,  polyclonal  B  cell  activation  or 
immunosuppression.   We  now  have  biologic  and  molecular  genetic 
evidence  that  a  deleted,  replication-defective  MuLV  genome  is 
regularly  associated  with  rapid  induction  of  disease  and  that, 
pseudotyped  by  ecotropic  MuLV,  it  plays  a  major  role  in  the 
pathogenesis  of  MAIDS  (Chattopadhyay,  Makino,  Morse,  Hartley). 
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The  parallels  between  MAIDS  and  HIV-induced  abnormalities  in  man 
have  been  greatly  extended.   We  demonstrated  that  the  late  stages 
of  MAIDS  are  characterized  by  the  development  of  B  cell  lineage 
lymphomas  that  evolve  progressively  from  polyclonally  activated  B 
cells  (Klinken,  Fredrickson,  Yetter,  Hartley,  Morse).   The  early 
stage  of  B  cell  activation  was  shown  to  result  in  the  production 
of  many  types  of  autoantibodies  (Klinman,  Morse).   Studies  of 
cytotoxic  T  lymphocyte  ( CTL)  responses  to  "self  +  x"  and 
alloantigens  showed  that  the  former  responses  were  lost  before 
the  latter  following  infection  with  LP-BM5  MuLV,  but  that  both 
could  be  restored  to  normal  by  addition  of  exogenous  IL-2  during 
the  early  phases  of  disease  (Yetter,  Shearer,  Via,  Miller, 
Morse).   Biologic  and  molecular  studies  of  IL-2  showed  that 
e.xpression  was  not  stimulated  by  infection  and  that  the  ability 
to  produce  IL-2  was  lost  with  time  after  infection  (Yetter, 
Pitha,  Morse).   j.^  contrast,  infection  witn  u^ -BM5  MuLV 
stimulated  high  level  expression  of  gamma  interferon  while 
inhibiting  the  ability  of  mice  to  express  either  alpha  or  beta 
interferon  (Pitha,  Biegel,  Yetter,  Morse).   Finally,  mice 
infected  with  LP-BM5  MuLV  were  shown  to  exhibit  impaired  natural 
)ciller  cell  and  activated  )ciller  cell  functions,  again  reflecting 
abnormalities  consequent  to  infection  with  HIV  (Wunderlich, 
Yetter,  Morse) . 

Recent  studies  have  suggested  that  genes  of  the  major 
histocompatibility  complex  (MHO  may  determine  the  progression  to 
disease  of  individuals  infected  with  HIV.   We  have  shown  that  the 
MHC  of  the  mouse  also  contains  a  major  determinant  of  resistance 
of  certain  inbred  mouse  strains  to  MAIDS.   C57BL  mice  ( Fv-1^)  are 
highly  sensitive  to  induction  of  MAIDS  by  LP-BM5  MuLV  while 
several  other  Fv-1^  strains,  including  BALB/c  and  A,  show  marked 
resistance.   The  major  control  of  these  differences  in 
susceptibility  was  found  to  be  exerted  by  genes  in  the  H-2 
region;  haplotypes  b,  r  and  2  confer  sensitivity;  a  and  d  are 
resistant;  and  k  gives  an  unusual  intermediate  pattern.   Tests  of 
mice  recombinant  in  H-2  suggest  a  predominant  influence  of  genes 
at  or  near  H-2D  (Makino,  Yetter,  Hartley,  Morse).   It  is 
noteworthy  that  recent  studies  of  CTL  responses  of  mice  to 
recombinant  HIV  gpl20  show  that  the  dominant  epitope  of  the 
molecule  is  H-2D'^  restricted. 

Based  on  these  results,  it  should  now  be  possible  to  obtain 
molecular  clones  of  the  etiologic  virus,  to  determine  how  its 
structure  contributes  to  induction  of  this  unique  syndrome,  and 
to  study  the  immunologic  mechanisms  that  mediate  resistance  to 
disease. 

While  particular  emphasis  has  been  placed  on  analyses  of  the 
MAIDS  model  system  -  a  major  component  of  the  efforts  of  the 
Viral  Oncology  and  Viral  and  Cellular  Immunology  Sections  -  a 
number  of  other  important  findings  highlight  the  studies 
performed  in  the  Laboratory  of  Immunopathology  over  the  last 
year.   They  include  the  following  observations. 
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Sequences  in  three  portions  of  retroviral  LTR  interact  to  specify 
the  target  cells  of  Moloney  and  Friend  MuLVs .   In  the  enhancer 
regions  of  these  two  viruses,  the  direct  repeat  sequences  are 
identical  in  a  central  core  region  but  differ  either  side  of  this 
core;  differences  also  occur  in  a  short  GC-rich  segment  with 
promoter  activity  immediately  downstream  of  the  direct  repeat. 
When  tested  separately  and  in  combination  in  recombinant  virus 
constructs,  all  3  regions  of  diversity  were  found  to  influence 
disease-inducing  phenotype.   Combinations  of  2  segments  derived 
from  1  LTR,  especially  2  halves  of  the  direct  repeat,  were  much 
more  effective  than  single  segments  in  specifying  lymphoma  or 
erythroleukemia  (Hartley,  Hopkins). 

Latency  of  lymphoma  or  erythroleukemia  induced  by  Moloney/Friend 
LTR  recombinant  viruses  also  is  influenced  by  sequences  in  both 
halves  of  the  direct  repeat.   Latent  periods  for  development  of 
disease  were  extended  in  mice  inoculated  with  recombinant  genomes 
in  which  the  5 '  half  of  each  copy  of  the  direct  repeat  was 
derived  from  Moloney  and  the  3'  halves  were  from  Friend  (Hartley, 
Hopkins ) . 

Viral  gene  inhibition  of  class  I  major  histocompatibility  antigen 
expression;   not  a  general  mechanism  governing  the  tumorigenicity 
of  adenovirus  type  2-,  adenovirus  type  12-,  and  simian  virus  40- 
transformed  Syrian  hamster  cells.   The  association  between  the 
level  of  class  I  major  histocompatibility  (MHC)  antigen 
expression  and  the  tumor  inducing  capacity  has  been  determined 
for  cells  from  31  lines  of  adenovirus  type  2  (Ad2)-,  Adl2-.  and 
simian  virus  40  (SV40 ) -transformed  hamster  cells.   These  cells 
range  from  nontumorigenic  to  highly  tumorigenic  in  both  syngeneic 
and  allogeneic  adult  hamsters.   Nontumorigenic  Ad2-transformed 
cells  expressed  either  high  levels  or  low  levels  of  class  I  MHC 
antigens.   Highly  tumorigenic  SV40- trans formed  cells  expressed 
very  high  levels  of  class  I  MHC  antigens.   Adl 2 -transformed  cells 
that  expressed  low  levels  of  class  I  MHC  antigens  produced  tumors 
much  less  efficiently  in  allogeneic  adult  hamsters  than  in 
syngeneic  adult  hamsters  and  produced  tumors  with  about  the  same 
efficiency  in  immunoimraature  newborns  and  immunocompetent 
syngeneic  adult  hamsters.   Thus  the  expression  of  either  high 
levels  or  low  levels  of  class  I  MHC  antigens  is,  at  most,  a  minor 
factor  in  the  differences  observed  among  these  adenovirus-  and 
SV40- trans formed  cells  in  their  tumor-inducing  capacity  in  naive, 
immunocompetent  hamsters.   (Haddada,  Sogn,  Coligan,  Carbone, 
Dixon,  Levine,  Lewis) 

Adl2  transformed  BALB/c  cells  expressing  low  levels  of  class  I 
MHC  proteins  are  rejected  as  allografts.   It  has  been  proposed 
that  Adl2  Ela-gene  induced  suppression  of  class  I  major 
histocompatibility  (MHC)  proteins  on  the  surface  of  Adl2 
transformed  cells  is  causally  rexated  to  their  tumorigenicity. 
Evaluation  of  this  proposal  has  produced  conflicting  results.   In 
a  continuing  effort  to  evaluate  the  role  of  class  I  MHC  protein 
expression  in  the  tumorigenicity  of  Ad  transformed  cells,  we 
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developed  and  characterized  three  lines  of  Adl2  transformed 
BALB/C  mouse  embryo  cells  (Adl2MEl,  Adl2ME2,  Adl2ME3).   These 
lines  contain  Adl2  DNA  and  express  Adl2  T  proteins.   Cells  from 
each  line  expressed  low  levels  of  class  I  MHC  mRNA  and  class  I 
cell-surface  proteins,  and  they  induced  tumors  in  syngeneic  adult 
BALB/c  mice.   Cells  from  each  of  these  3  lines  fail  to  produce 
tumors  when  injected  into  allogeneic  mice  or  in  mice  that  express 
variable  recombinant  MHC  haplotypes  between  the  syngeneic  and 
allogeneic  mouse  strains.   These  data  suggest  that,  in  spite  of 
the  low  levels  of  class  I  MHC  proteins  expressed  by  these  cells, 
they  can  be  recognized  and  rejected  as  allografts  by  H-2 
divergent  mice.   (Soddu,  Haddada,  Sogn,  Levine,  Lewis). 

In  vivo  evolution  of  adenovirus  2  transformed  cell  virulence  is 
associated  with  altered  ElA  gene  function.   Cells  transformed  by 
nononcogenic  Ad2  can  be  adapted  by  serial  passage  in 
immunologically  incompetent  animals  to  produce  tumors  in  fully 
immunocompetent  syngeneic  adult  animals.   We  compared  the 
functions  of  the  Ad2  ElA  genes  in  adult  adapted  Ad2  transformed 
cells  with  their  functions  in  the  nontumorigenic  parental  cells. 
The  Ad2  transformed  cells  that  were  selected  for  increased 
tumorigenicity  retained  parental  patterns  of  viral  gene 
integration  and  methylation  and  expressed  Ad2  ElA  proteins  but 
exhibited  altered  ElA  functions  as  suggested  by  markedly 
decreased  susceptibility  to  NK  lysis  and  the  inability  to  support 
the  replication  of  an  Ad5  ElA  mutant  that  replicated  to  high 
titers  in  the  parental  cells.   These  data  suggest  that  disruption 
of  cellular  pathways  induced  or  altered  by  ElA  functions  during 
tumor  cell  adaptation  results  in  an  increased  degree  of  tumor 
cell  virulence.   (Lewis) 

Peculiar  persistance  and  expression  of  viral  genomes  in 
adenovirus  5  transformed  BALB/c  mouse  cells.   Transformation  by 
Ad5  has  been  mostly  studied  in  rat  and  hamster  cells.   To  expand 
the  Ad5  transformation  model,  we  have  begun  to  study  several 
lines   of  Ad5  transformed,  BALB/c  mouse  embryo  cells.   The  Ad5 
genome  in  these  cells  is  expressed  in  unusual  ways  compared  to 
viral  gene  expression  in  Ad5  transformed  rat  and  hamster  cells. 
Cells  from  1  line  express  both  Ad5  and  RNA  and  proteins.   Cells 
from  a  second  line  contain  Ad5  DNA  and  express  Ad5  mRNA  but  not 
Ad5  protein  is  not  detected  in  these  cells.   Cells  from  a  third 
line  contain  Ad5  DNA,  but  fan  uw  express  Ad  mRNA.   Cells  from  a 
fourth  line  appear  similar  to  cells  from  the  other  lines,  but  do 
not  contain  Ad5  DNA.   These  results  suggest  that,  in  certain 
instances  in  the  Ad5-BALB/c  mouse  cell  system,  Ad5  may  only 
initiate  transformation  and  may  be  dispensable  once  the  critical 
event  has  occurred.   Persistence  expression  of  Ad5  viral  genes  in 
mouse  cells  may  not  be  related  to  their  tumor  inducing  capacity 
in  nude  mice  (Carbone,  Chattopadhyay ,  Lewis). 

Effects  of  deletions  in  the  small  t  region  of  SV40  genome: 
induction  of  true  histiocytic  lymphomas  distant  frr^m   the  site  of 
virus  inoculation  in  Syrian  hamsters.   To  evaluate  the  various 
phenotypes  that  may  be  expressed  by  DNA  virus  transformed  cells 
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that  are  tumorigenic  in  immunocompetent  syngeneic  adults,  we  have 
started  to  characterize  cells  from  an  unusual  type  of  reticulum 
cell  sarcomas  induced  in  hamsters  by  certain  SV40  mutants.  In 
contrast  to  tumors  induced  by  wild  type  virus,  these  tumors 
develop -at  sites  distant  from  the  site  of  inoculation. 

Morphological  and  functional  analyses  indicate  that  these  tumor 
cells  are  derived  from  MAC-2"'"  macrophages.   Thus,  these  mutations 
in  the  SV40  genome  appear  to  permit  the  virus  to  transform  cells 
that  are  distant  from  the  site  of  virus  inoculation;  the  cells 
transformed  at  this  distant  site  are  of  a  specific  lineage,  MAC- 
2"^   peritoneal  macrophages.   This  specific  tropism  may  reflect  a 
unique  characteristic  of  iyiAC-2''"  cells  or  their  precursors  that 
renders  these  cells  susceptible  to  SV40  mutants  that  are 
otherwise  restricted  in  the  range  of  cells  which  they  can 
transform  (Carbone,  Lewis,  Matthews,  Levine,  Dixon). 

A  new  oncogene,  v-cbl,  that  induces  pre-B  cell  lymphomas.   The 
murine  Cas  NS-1  retrovirus  transforms  fibroblasts  in  vitro  and 
induces  pre-B  cell  lymphomas  in  vivo.   This  virus  arose  in  a 
mouse  that  developed  a  pre-B  cell  lymphoma  following  neonatal 
infection  with  the  Cas-Br-M  ecotropic  virus.   Molecular  cloning 
showed  it  was  generated  from  Cas-Br-M  by  sequential 
recombinantions  involving  endogenous  retroviral  sequences  and  a 
cellular  oncogene.   The  oncogene  sequence  shows  no  homology  with 
known  oncogenes  but  some  similarity  to  the  yeast  transcriptional 
activator  GCN4  (Langdon,  Hartley,  Klinken,  Ruscetti,  Morse). 

Cellular  sequences  related  to  v-cbl  are  present  on  two  different 
chromosomes .   Probes  derived  from  the  v-cbl  on  oncogene  were  used 
to  map  related  cellular  sequences  through  analyses  of  somatic 
cell  hybrids  and  backcross  mice  from  an  interspecific  cross,   v- 
cbl-related  sequences  were  localized  to  chromosome  6  in  linkage 
to  the  kappa  locus  (c-cbl-1)  and  on  chromosome  9  in  close  linkage 
to  Thy-1  (c-cbl-2)  (Regnier,  Kozak,  Kingsley,  Langdon,  Morse). 

Administrative  Changes.  Dr.  Marjorie  Shapiro  joined  the 
Laboratory  on  an  Intramural  Research  Training  Appointment  and  Dr. 
Masahiko  Makino  began  his  studies  on  a  Fogarty  Fellowship.   Dr. 
Robert  A.  Yetter  left  the  Laboratory  to  join  the  Veterans 
Administration  Research  Center  in  Baltimore,  MD.   Drs.  Daniel 
Regnier  and  Silvia  Soddu  joined  the  Laboratory  as  Guest 
Researchers . 

Honors  and  Awards 

Public  Health  Service  Distinguished  Service  Award  -  Janet  W. 
Hartley. 
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We  have  shown  that  the  ElA  gene  of  nononcogenic  Ad2  and  Ad5  induces 
susceptibility  to  NK  cell  and  macrophage  mediated  lysis  in  transformed 
rodent  cells  and  that  the  expression  of  high  levels  of  susceptibility  | 
correlates  with  transformed  cell  tumor  inducing  capacity.   Adaptation 
of  Ad2  transformed  cells  to  produce  tumors  in  tumor  resistant  syngeneic 
adult  hamsters  by  serial  passage  in  newborns  results  in  cells  that  are 
resistant  to  NK  and  macrophage  killing  and  whose  ElA  gene  function  is 
disrupted  to  the  extent  that  these  cells  will  not  support  replication 
of  Ad2  ElA  mutants.   We  have  also  found  that  Adl2  transformed  hamsters 
cells  that  have  low  levels  of  class  I  MHC  antigens  on  their  surfaces 
are  generally  nontumorigenic  in  allogenic  hamsters  and  mice  and  are 
highly  immunogenic  in  bioassays  for  CTL  mediated  detection  of  Adl2 
transplantation  antigens.   Our  Adl2  transformed  BALB/c  mouse  cells 
(haplotype  H-2*^)  produce  tumors  in  BALB/c  and  DBA-2  mice  (haplotype  H- 
2.)  but  fail  to  produce  tumors  in  mice  with  recombinant  haplotypes  ( H2'- 
K^,  H-2D^,  H-2LD  or  H-2K^=,  H-2D«^,  H-2Ld);  thus  these  cells  can  be 
rejected  as  allografts  by  H-2  divergent  mice  in  spite  of  their  low 
levels  of  class  I  MHC  antigen  expression.   Several  Ad5  transformed 
BALB/c  mouse  cell  lines  that  we  have  developed  express  peculiar 
patterns  of  expression  of  the  Ad5  genome.   Some  of  the  cells  retain  Adl5 
DNA,  express  Ad5  mRNA  and  Ad5  early  proteins.   Others  retain  Ad5  DNA 
Ibut  fail  to  express  Ad5  mRNA.   One  line  that  is  morphologically  similar 
to  the  others  contains  no  Ad5  DNA.   These  data  suggest  that  persistanc^ 
of  the  Ad5  genome  and  expression  of  viral  protein  may  not  be  essential] 
to  maintaining  the  neoplastic  phenotype  of  Ad5  transformed  BALB/c  mouse 
(tells.  I 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Cells  related  to  the  B  lymphocyte  lineage  of  mice  were  studied  to 
determine  their  developmental  relationships  to  other 
hematopoietic  cell  types  and  the  contributions  of  oncogenes  to 
tumor  induction.   B  cell  development:   a  wide  variety  of 
hematopoietic  neoplasms  were  studied  for  the  organization  of 
immunoglobulin  and  T  cell  receptor  genes  to  determine  lineage 
relationships  based  on  the  activity  of  recombinases . 
Rearrangements  of  receptor  genes  were  detected  in  T  cell=B  cell 
>>  myeloid  tumors  but  not  in  erythroleukemias,  suggesting  an 
early  deviation  of  erythroid  progenitors  from  precursors  for  the 
other  lineages.   Close  relations  between  the  B  cell  and  myeloid 
lineages  are  also  suggested  by  the  demonstration  that  B  cell 
progenitor  lines  can  differentiate. to  yield  mature  macrophages. 
Oncogenes :   a  new  oncogene  that  induces  pre-B  cell  lymphomas  in 
vivo  and  transforms  fibroblasts  in  vitro  was  cloned  and 
sequenced.   The  sequence  was  unrelated  to  that  of  any  previously 
described  oncogene  and  it  has  been  named  v-cbl.   Cellular 
sequences  related  to  v-cbl  were  mapped  to  mouse  chromosomes  6  and 
9  and  were  designated  c-cbl-1  and  c-cbl-2.   Mice  inoculated  with 
retroviruses  containing  v-myc  were  found  to  develop  clonal 
pancreatic  acinar  cell  carcinomas  that  could  be  transplanted  and 
established  as  in  vitro  cell  lines.   In  contrast,  mice  inoculated 
with  retroviruses  containing  c-myc  developed  myeloid  tumors. 
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Both  the  humoral  and  cellular  arms  of  the  immune  response 
contribute  to  control  of  virus  infections.   Ectromelia,  an 
orthopox  virus  infection  of  mice  has  been  selected  as  a  model 
system  for  studying  host-virus  interactions.   It  was  found  that 
Ly-2  T  cells  are  sufficient  for  in  vivo  resistance  to  this  virus 
and  that  in  vitro  secondary  responses  to  vaccinia  are  effected  by 
interactions  between  Ly-2''"  helper  and  effector  cells. 
Interleukin-2  appears  to  mediate  the  interactions  between  these 
subsets  of  T  cells. 
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Genetic  and  environmental  factors  interact  in  the 
development  of  autoimmune  disease  in  mouse  and  man.   In  the 
mouse,  two  autosomal  recessive  mutations,  Ipr  and  gld,  contribute 
to  syndromes  characterized  by  production  of  lymphoprolif eration 
and  autoantibodies.   To  evaluate  mechanisms  by  which  these 
mutations  result  in  autoimmunity,  we  have  initiated  attempts  to 
molecularly  clone  the  gld  locus  and  have  studied  lymphokine 
production  by  the  abnormal  Thy-1"*",  Ly-2~,  Ly-4~  cells  that 
accumulate  in  tissues  of  the  mice.   To  facilitate  cloning  gld,  a 
molecular  map  of  distal  mouse  chromosome  1  is  being  generated  and 
gld  has  been  shown  to  map  in  close  proximity  to  the  At-3  locus. 

Studies  of  lymphokine-specif ic  mRNA  species  in  the  abnormal 
T  cells  of  Ipr  and  gld  mice  have  shown  that  they  do  not  express 
significant  levels  of  message  for  IL-6,  IL-5,  IL-4,  TNF,  or  GM- 
CSF.   Neuroleukin  was  expressed  in  both  cell  types  at  levels 
equivalent  to  normal  T  cells.   Further  studies  are  required  to 
determine  how  these  unusual  cells  participate  in  the  development 
of  autoimmunity. 
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We%eneraI%'BTehtTv%'m°inW'%$hT^^  the  isolation,  biological, 

and  molecular  characterization  of  C-type  murine  leukemia  viruses 
(MuLVs).,  Major  focus  has  been  on  the  molecular  genetics  o£  the 
pathogenesis  in  NFS  mice  of  Moloney  (Mol)  MuLV-induced  lymphoma  and 
Friend  (Fr)  MuLV-induced  erythroleukemia  and  of  lymphomagenesis  by 
a  helper-independent  MCF  virus,  NS-6  MCF;  and  biological  and 
molecular  characterization  of  the  LP  BM5  viruses  involved  in 
induction  of  mouse  AIDS.   Studies  with  Mol  and  Fr  recombinant 
genomes  have  established  that  the  major  determinant  of  disease 
specificity  lies  within  that  portion  of  the  viral  LTR  comprising 
direct  repeat  sequences  identified  with  transcriptional  enhancer 
signals.   Using  recombinants  constructed  between  Fr  and  Mol  within 
this  segment  disease  specificity  was  found  to  be  encoded  throughout 
the  region  ( in  the  5 '  and  3 '  halves  of  the  direct  repeat  and  in  an 
adjacent  downstream  GC-rich  region  with  enhancer-promoter 
function) .   In  preparation  for  molecular  genetic  studies  of  NS-6 
MCF  MuLV  the  molecularly  cloned  and  sequenced  genome  has  been 
engineered  to  permit  comparison  of  LTRs.   In  efforts  to  determine 
which  of  the  components  of  LP  BM5  MuLV  mixture,  a  tissue  culture 
stock  known  to  contain  both  B-tropic  ecotropic  and  MCF  MuLVs, 
several  biologically  cloned  ecotropic  and  MCF  isolates  failed  to 
induce  disease,  alone  or  in  combination.   Virus  interference 
studies  and  molecular  and  biological  analysis  of  virus  derived  from 
single  cell  clones  of  infected  cells  indicate  that  disease 
induction  is  correlated  with  a  defective  genome,  5.0  kb  in  length, 
which  contains  MCF-reactive  sequences.   Spread  of  virus  is  dependent 
on  replication  competent  virus,  the  ecotropic  MuLV  likely  being 
the  most  efficient  helper. 
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Our  studies  of  host  genes  which  influence  hematopoietic  system 
diseases  associated  with  MuLV  infection  have  been  directed  toward 
J^o^^^'^M  ff,^°''^  controlling  infection  and  disease  induction  by  the  B 
tropic  MULV  complex  known  as  LP-BM5 .   Mouse  strains  most  susceptible 
to  the  immunodeficiency  disease  (mouse  AIDS  or  "MAIDS")  induced  by 
LP-BM5  are,  as  would  be  predicted,  of  the  Fv-l^  genotype   a 
background  permissive  to  infection  by  and  i?F¥ad  of  B-tropic  MuLVs 

??7BL^!nd'w.?^  ^'"!l^"'  '°"^"^^'  "^^^  ^°^"<^  ^°  ^«  sensitive: 
^rRATR/    5\^"  highly  sysceptible  while  other  Fv-l^  strains  such 
rLomhfnfnf   K  ^5^  resistant.   Based  on  tests  of  iilicted  inbred, 
recombinant  inbred,  and  H-2  congenic  mouse  strains,  we  have 
M5o^^i?Jn  ^^u''  ?^   '"^^^f  determinant  of  sensitivity  lies  within  the 
MHC  region.   Haplotypes  b,  r,  and  1  confer  sensitivity,  H-2J<  strains 
show  partial  sensitivity,  while  H-l^  and  H-2^  strains  are  resista^? 

lovZrlTo   hfr""  "'""  ^"-'^  ""^  "-2^  °^  "-2^  stains   sensi?iv?t; 
appears  to  be  dominant.   Further,  tests  of  H-2  congenic  and 

theTend"ofT!  '''?r'HH'l:'^'  '^^  '"^^°^  controlling  element  lies  at  , 
of  H  P  a^no  o?    .        addition.  It  appears  that  certain  combinations  I 
Of  H  2  gene  elements,  or  genes  outside  the  H-2  region,  can  affect  the 
disease  phenotype,  e.g.,  the  degree  or  rate  of  progression. 
Jh2''«oi."    disease  is  strongly  correlated  with  replication  of  both 
I  the  ecotropic  and  MCF  components  of  the  LP-BM5  mixture. 
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SUMMARY  OF  WORK  (Use  Standard  unreduced  type.  Do  not  exceed  the  space  provided) 

We  have  developed  a  model  system  for  studying  how  retroviruses 
contribute  to  induction  of  immunodeficiency.   Mice  infected  with 
a  mixture  of  murine  leukemia  viruses  (MuLV),  termed  LP-BM5  MuLV, 
develop  a  syndrome  characterized  by  early-onset 
lyraphoproliferation  and  immunodeficiency  and  later  by  enhanced 
susceptibility  to  infection  and  development  of  B  cell  lineage 
lymphomas.   The  etiologic  virus  of  this  syndrome  was  found  to  be 
a  replication  defective  MuLV  with  an  envelope  gene  related  to  MCF 
MuLV.   The  virus  is  being  molecular ly  cloned  to  develop  further 
understanding  of  its  effects  on  the  immune  system.   The  virus- 
induced  disease  was  shown  to  be  dependent  on  Ly-4"'"  T  cells,  as 
mice  depleted  in  vivo  of  this  cell  subset  do  not  develop 
prominent  dysfunction  of  Ly-2'''  T  cells  or  of  B  cells.   Analyses 
of  lymphokines  produced  by  Ly-4''"  T  cells  showed  that  infection 
stimulated  high-level  expression  of  gamma  interferon,  but  that 
alpha  and  beta  intereferon  could  not  be  induced.   By  comparison, 
infected  mice  did  not  produce  IL-2,  IL-3,  IL-4,  IL-6  or  GM  CSF. 
Lack  of  IL-2  production  was  associated  with  deficient  cytotoxic  T 
lymphocyte  responses  and  possibly  with  impaired  natural  killer 
cell  responses.   A  consequence  of  Ly-4''"  T  cell  activation  is  the 
development  of  polyclonal  B  cell  activation  that  preceeds  the 
appearance  of  oligoclonal  B  cell  proliferation  and  evolution  of 
metastatic  lymphomas.   Development  of  the  syndrome  was  found  to 
be  regulated  by  the  major  histocomptibility  complex  with  H-2^ 
mice  being  susceptible  and  H-2'^  mice  resistant.   This  model 

i  system  may  prove  useful  for  understanding  the  pathogenesis  of  HIV 

1  infections  in  man. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Initial  studies  of  a  wide  variety  of  retrovirus  induced  tumors 
suggesting  a  close  ontogenic  relationship  between  the  B  cell  and 
myeloid  lineages  have  been  complimented  with  experiments  involving 
transfer  of  normal  cells  into  immunodef icient  or  irradiated  mice. 
We  have  found  that,  contrary  to  current  views  of  hematopoietic  cell 
development,  the  B  cell  and  the  myeloid  lineages  may  share  a  common 
progenitor  cell  and  that  this  cell  may  be  identified  by  the 
expression  of  the  putatively  monocyte/macrophage  restricted  antigen 
Mac-1.   Mac-1  was  also  found  to  be  coexpressed  with  Thy-1  on  a 
pluripotent  stem  cell.   We  have  studied  an  antigen  recognized  by 
j  our  new  monoclonal  antibody,  LIP- 6  which  is  expressed  by  Ly-1  B 
cells  in  the  peritoneum  and  on  peritoneal  macrophages  but  not  on 
peripheral  B  cells,  T  cells  or  granulocytes.   This  antigen  may  help 
to  further  elucidate  the  the  relationship  between  the  B  and  myeloid 
lineages . 

The  effects  of  the  BM-5  virus  on  the  bone  marrow  was  found  to 
be  most  profound  on  B  lymphopoeisis,  initially  stimulating 
production  of  B  cells  followed  by  a  decrease  in  the  ability  of 
stromal  cells  to  support  the  growth  of  normal  cells. 

Studies  of  immunodef icient  RIIIS/J  mice  have  suggested, 
contrary  to  other  reports,  that  within  the  Ly-1  B  cell  lineage,  the 
related  Ly-l"*"  and  the  Ly-1"  B  cells  may  differ  functionally. 
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Summary  Report 

Laboratory  of  Immunoregulation 

October  1,  1987  through  September  30,  1988 

Anthony  S.  Fauci,  M.D. 
Chief,  Laboratory  of  Immunoregulation 

Studies  of  the  Human  B  Cell  Cycle:  Analysis  of  B  Lymphocyte  Activation  Via  Surface  Receptors 

Human  B  cells  can  be  activated  by  antigen,  anti-p.  (which  crosslinks  surface  Ig), 
Staphylococcus  aureus  Cowan  I  (SAC)  (a  mixture  of  bacterial  cell  wall  proteins),  or  soluble 
factors  produced  by  accessory  cells.  We  have  discovered  a  soluble  factor  produced  by  a  helper 
T  cell  line  which  can  directly  activate  resting  B  cells.  This  factor,  called  B  cell  activating 
factor  (BCAF),  may  play  a  role  in  polyclonal  B  cell  activation  which  occurs  when  T  cells  become 
stimulated  (such  as  in  various  autoimmune  diseases,  acquired  immunodeficiency  syndrome  [AIDS], 
etc.).  We  have  been  developing  a  strategy  to  purify  enough  of  this  protein  to  determine  its 
amino  acid  sequence  while  we  have  also  been  trying  to  clone  the  RNA  responsible  for  its 
production  by  using  a  frog  oocyte  injection  system.  At  the  same  time,  we  have  been  examining 
some  of  the  intracellular  events  which  follow  the  binding  of  anti-|i  or  SAC  to  the  B  cell  surface. 
Both  anti-|J.  and  SAC  cause  the  generation  of  inositol  phosphate  and  an  intracellular  calcium  flux 
while  only  anti-ji  induces  the  production  of  cAMP.  At  the  same  time  SAC  upregulates  while 
anti-|J.  downregulates  the  expression  of  genes  for  Ig  production.  Subsequent  studies  revealed  that 
any  signal  inducing  cAMP  will  downregulate  the  expression  of  Ig  genes.  Thus,  the  mechanism  of 
activating  the  B  cell  can  determine  which  possible  steps  it  can  subsequently  take.  Our  plans  are 
to  further  define  the  intracellular  events  between  activation  and  Ig  gene  expression,  to  clone 
BCAF  and  examine  its  relevance  in  normal  and  abnormal  B  cell  physiology,  and  to  define  which 
of  the  proteins  in  SAC  are  responsible  for  its  actions.  (Young,  Ambrus,  Fauci,  LIR/NIAID) 

Studies  of  the  Human  B  Cell  Cycle:  B  Cell  Specific  Growth  Factors 

Our  work  in  this  area  began  4  years  ago  with  our  discovery  of  a  high  molecular  weight  B 
cell  growth  factor  (HMW-BCGF)  produced  by  both  B  and  T  lymphocytes  as  well  as  the  receptor 
to  which  it  binds  on  activated  B  lymphocytes.  Several  other  molecules  have  been  described 
which  enhance  B  cell  proliferation  including  low  molecular  weight  (LMW)  BCGF  which  was 
described  in  this  laboratory.  We  have  found  that  these  two  BCGFs  act  on  different  but 
overlapping  populations  of  B  cells.  This  was  shown  not  only  in  normal  cells  but  also  in  various 
B  cell  tumors  and  immunodeficiency  diseases.  Patients  with  chronic  lymphocytic  leukemia  and 
hairy  cell  leukemia  respond  primarily  to  HMW-BCGF,  making  the  use  of  HMW-BCGF  toxin 
conjugates  or  anti-HMW-BCGF  toxin  conjugates  potential  therapeutic  modalities  for  these 
diseases.  Patients  with  common  variable  immunodeficiency  (CVI)  respond  primarily  to  LMW- 
BCGF  and  yet  have  receptors  for  HMW-BCGF.  This  brings  up  two  interesting  points:  HMW- 
BCGF  may  be  a  necessary  signal  for  a  B  cell  function  which  these  patients  are  missing  and  a 
post-receptor  signaling  defect  might  exist  in  the  HMW-BCGF  receptor  of  their  B  cells.  Both  of 
these  points  will  be  areas  of  future  study.  To  perform  the  HMW-BCGF  work  more  precisely  and 
to  allow  examination  of  the  genetic  events  involved  with  the  use  of  HMW-BCGF,  we  are 
attempting  to  clone  the  genes  both  for  HMW-BCGF  and  it  receptor.  This  work  has  been 
showing  slow  but  steady  progress  and  will  hopefully  be  finished  in  the  next  year.  At  the  same 
time,  we  have  been  examining  the  intracellular  events  involved  with  BCGF  induced  proliferation. 
We  have  found  that  as  in  the  activation  stage,  inositol  phosphates  and  calcium  are  generated  in 
response  to  BCGFs.  Also,  cAMP  is  generated  but  only  in  response  to  HMW-BCGF.  Since  cAMP 
is  a  negative  signal  for  differentiation,  this  suggests  that  HMW-BCGF  may  have  a  role  in 
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expanding  memory  B  lymphocytes  while  LMW-BCGF  may  be  expanding  the  B  cell  subpopulation 
which  will  progress  to  become  plasma  cells.  Finally,  we  have  demonstrated  the  phosphorylation 
of  membrane  protein  following  the  binding  o(  HMW-BCGF  to  its  cellular  binding  sue.  We  plan 
to  expand  our  examination  of  all  the  intracellular  signals  utilized  in  human  B  cell  proliferation 
including  protein  phosphorylations  and  the  e.\pression  of  various  relevant  genes.  At  the  same 
time  we  will  study  the  same  intracellular  events  in  B  cell  tumors,  autoimmune  diseases,  and 
primary  B  cell  immunodeficiency  diseases. 

Studies  of  the  Human  B  Cell  Cvcle:   B  Ceil  Growth  Factors  that  Are  Not  Entirely  B  Cell 

Specific 

We  have  continued  our  studies  on  the  role  of  cytokines  which  regulate  B  cell  function,  but 
which  are  not  specific  for  B  cells.  The  monocyte  product,  tumor  necrosis  factor-alpha  (TNF-a), 
has  BCGF  acuvuy  and  augments  the  differentiative  effects  of  interleukin-2  (lL-2).   Lymphotoxin. 
a  related  protein,  has  similar  functional  effects  on  human  B  cell  function.  Receptor  crosslinking 
studies  with  iodinated  TNF-a  reveals  a  predominant  species  of  91  kD  and  identified  2  less 
prominent  species  of  74  and  55  kD.  This  suggests  that  the  TNF-a  receptor  on  human  B  cells 
consists  of  a  multichain  complex.  B  cell  function  is  markedly  suppressed  by  transforming  growth 
factor-beta  (TGF-fi).  Evidence  supporting  a  role  for  TGF-Pl  as  an  autocrine  downregulator  of  B 
cell  function  was  found  by  using  a  neutralizing  antibody  to  TGF-P.  The  related  protein,  TGF- 
P2,  has  similar  suppressive  effects  on  B  cell  function  as  does  TGF-pl.  Using  chemical 
crosslinking.  the  TGF-Pl  receptor  on  normal  B  lymphocytes  appears  to  be  composed  of  2  chains 
of  52  and  77  kD  while  only  a  single  chain  of  approximately  50  kD  is  identified  on  transformed  B 
cell  lines.  Addiuonaily,  binding  experiments  using  iodinated  TGF-Pl  and  competitive  inhibition 
with  either  TGF-(3l  or  TGF-(i2  revealed  marked  differences  between  the  normal  B  cells  and  the 
transformed  cells.  Thus,  the  observation  that  cenain  transformed  B  cell  lines  are  refractory  to 
the  inhibitory  effects  of  TGF-P  may  be  accounted  for  by  differences  in  their  TGF-P  receptor. 
Northern  blots  were  performed  to  examine  B  cells  for  the  expression  of  thyroid  stimulating 
hormone  receptor  (TSH-R)  mRNA.  While  unactivated  B  cells  contained  low  levels  of  TSH-R 
mRNA,  activated  B  cells  were  found  to  have  significant  quantities.  Binding  studies  with 
iodinated  TSH  are  in  progress  to  contum  this  observation.  The  addition  of  TSH  to  B  cell 
cultures  suppresses  B  cell  function  at  high  concentrations  (1  nM)  and  augments  B  cell  Ig 
production  at  low  concentrations  (10  pM).  These  results,  in  conjunction  with  previous  data 
suggesting  that  lymphocytes  secrete  TSH,  implicate  TSH  as  a  regulator  of  B  cell  function. 
Furthermore,  the  presence  of  POMC  mRNA  in  human  B  cells  and  B  cell  lines  has  been  shown. 
This  observation  provides  further  evidence  in  suppon  of  a  role  for  neuro-endocrine  hormones  in 
the  regulation  of  immune  function.  (Kehrl,  Fauci,  LIR/NIAID;  Kohn,  Gates,  NIDDK). 

Studies  of  the  Human  B  Cell  Cycle:  The  Differentiation  of  Human  B  Cells 

We  have  continued  our  studies  on  the  factors  which  are  responsible  for  the  induction  of 
differentiation  of  human  B  ceils.  Two  years  ago  we  described  a  B  cell  differentiation  factor 
(BCDE\)  secreted  by  a  cloned  T  cell  line  which  induces  Ig  secretion  by  normal  B  cells  which  have 
already  gone  into  the  proliferative  cycle.  Over  the  past  year  we  have  been  purifying  this  factor 
for  sequencing  and  cloning.  We  have  identified  the  cellular  receptor  for  this  factor  and  are 
currently  attempting  to  clone  its  gene.  When  BCDF  binds  its  receptor,  cGMP  but  not  cAMP, 
calcium  or  inositol  phosphates  are  generated.   As  noted  above,  cAMP  will  inhibit  this  stage  of  B 
cell  function.  Two  other  signals,  prostaglandin  E-)  (PGE^)  and  LTC^  were  also  found  to  inhibit 
Ig  secretion.  PGE-,  may  act  through  stimulating  adenylate  cyclase  and  increasing  cAMP  while  no 
clear  mechanism  for  the  action  of  LTC^  has  been  found.  Much  more  remains  to  be  done  in 
examining  the  events  involved  with  both  positive  (BCDF)  and  negative  (PGE-),  LTC^)  signals  for 
differentiation.  This  work  can  all  be  applied  then  to  examination  of  B  cell  diftercntiation  in 
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various  B  cell  disorders  including  CVl  and  systemic  lupus  erythmatosus  (SLE).  (Ambrus,  Fauci, 
LIR/NIAID;  Goldstein,  Albert  Einstein) 

Analysis  of  B  Cell  Specific  Gene  Products 

Several  projects  have  been  initiated  to  identify  proteins  important  in  B  cell  function.  A  B 
cell  cDNA  library  was  constructed  from  mRNA  derived  from  B  cells  activated  in  vitro  for  2  days. 
A  portion  of  the  library  was  screened  and  re-screened  with  a  B-T  cDNA  probe.  One  hundred 
fifty  cDNAs  have  been  isolated  which  react  with  the  B-T  cDNA  probe  and  not  with  Ig  probes  or 
a  T  cell  cDNA  probe.  To  date  ten  of  the  cDNAs  have  been  partially  sequenced  and  we  are  in 
the  process  of  analyzing  the  sequence  data.  Additionally,  Northern  blots  are  in  process  to 
examine  tissue  specificity  and  regulation  of  expression  of  the  mRNAs.  Monoclonal  antibodies  are 
being  raised  against  B  cell  membrane  proteins  in  order  to  identify  and  clone  other  important 
cDNAs.  Mammalian  cDNA  expression  libraries  have  been  made  from  activated  normal  B  cells  and 
from  2  B  cell  lines  and  will  be  used  once  interesting  monoclonal  antibodies  have  been  isolated. 
Finally,  2D  gels  have  been  used  to  quantitate  the  differences  between  normal  B  and  T  cell 
membrane  proteins.  Computerized  mapping  demonstrates  a  5%  difference  between  activated  T 
and  B  cell  membrane  proteins.  In  contrast,  nearly  a  20%  difference  was  observed  when  resting 
and  activated  B  cells  were  compared.  Identification  of  proteins  preferentially  expressed  in  B 
cells  is  likely  to  lead  to  important  insights  in  the  control  mechanisms  that  are  important  in  B 
cell  function.  (Kehrl,  Fauci,  LIR/MAID) 

The  Induction  of  Gene  Expression  in  the  Activation  of  Immune  Competent  Cells 

We  have  continued  our  studies  on  the  elucidation  of  the  molecular  events  during  activation 
of  lymphoid  cells  and  in  particular  during  activation  of  human  peripheral  blood  T  cells.  In  this 
regard,  we  have  studied  the  primary  transcriptional  response  of  human  peripheral  blood  T  cells 
to  mitogenic  activation.  Previously  we  had  constructed  a  subtractive  cDNA  library  and  used 
subtractive  and  differential  screening  methods  to  isolate  genes  which  are  induced  early  on  in  T 
cells  stimulated  with  mitogens.  The  limited  number  of  known  inducible  genes  encode  oncogenes, 
lymphokines  and  their  receptors,  i.e.,  genes  with  significant  roles  in  proliferation  and/or 
initiation  of  an  immune  response.  To  date  we  have  isolated  in  excess  of  69  induced  genes, 
which  include  several  of  the  known  genes  but  which  represent  a  much  larger  number  than  could 
have  been  expected  from  previous  studies.  We  are  pursuing  both  functional  and  regulatory 
aspects  of  the  many  novel  induced  genes.  By  using  mitogenic  antibodies  to  the  CD2  and  CD3 
receptors  as  well  as  the  co-mitogens  anti-CD28,  phorbol  myristate  acetate  (PMA),  DIC8  and 
ionomycin,  we  were  able  to  determine  that  every  mitogenic  agent  induces  all  genes  checked  to 
date  but  that  the  co-mitogens  could  easily  distinguish  these  genes  into  many  different  groups 
with  common  regulatory  elements.  Two  genes,  464  and  744,  behaved  similar  to  IL-2. 
Approximately  one  fourth  of  the  genes  tested  are  not  expressed  in  activated  human  lung 
fibroblasts,  including  464  and  744.  These  genes  are  also  among  those  which  are  very  sensitive 
to  the  immunosuppressive  drug  cyclosporin  A  and  among  those  which  are  constitutively  expressed 
in  human  T  lymphotrophic  virus  I  (HTLV-I)  transformed  cells.  That  these  genes  possibly  encode 
lymphokines  was  further  supported  by  their  primary  sequence,  which  predicts  encoded  proteins 
with  typical  N-terminal  leader  sequences  and  with  homologies  to  each  other  as  well  as  to  a 
group  of  so-called  inflammatory  response  genes,  a  new  family  of  factors  which  is  just  emerging. 
In  cell  lines  permanently  transfected  with  the  human  immunodeficiency  virus  (HIV-1)  orf-B 
protein  the  induction  of  some  genes,  including  464,  appears  to  be  negatively  affected.  In 
addition  to  these  studies,  we  have  discovered  several  DNA  binding  proteins  which  interact  with 
the  mitogen-responsive  region  of  the  IL-2  gene.  Some  of  these  proteins  bind  DNA  only  upon 
prior  activation  of  the  cells.  Also,  we  have  delimited  further  the  segment  of  the  c-myc  gene, 
which  controls  the  downregulation  of  this  gene  during  terminal  differentiation.  Lastly,  we  have 
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continued  to  attempt  indirect  methods  ofclonmg  a  BCGF  and  its  receptor.  cSiebenlist.  Zipfel, 
Schmidt,  Brcssler.  Brunvand.  LIR/'NIAID;  Kelly.  IB/NCI.  Rapp.  FCRF/NCl) 

Immunopaihogenic  Mechanisms  of  HIV  Infection 

Over  the  past  several  years,  the  LIR  has  been  actively  studying  the  mechanism  of 
immunopathogenesis  of  HIV  mfecuon.  With  the  detlnitive  identification  of  HIV  as  the  causative 
agent  of  AIDS  in  1984.  we  began  a  series  of  studies  aimed  at  delineating  these  mechanisms  at 
the  cellular  and  molecular  levels. 

The  mechanisms  vt'hereby  a  latent  or  low-level,  chronic  infection  with  HIV  is  convened  to 
an  active,  productive  infection  have  been  of  particular  interest  to  the  LIR.  Over  the  past  year 
we  have  intensified  these  efforts.  We  have  developed  chronically  infected  promonocyte  and  T 
cell  lines  which  have  been  successfully  cloned.  These  have  served  as  in  vitro  models  of 
chronically  infected  monocytes  and  T  cells,  a  state  which  is  generally  believed  to  exist  in  vivo. 
The  infected  promonocyte  clone  (Ul)  does  not  constitutively  secrete  virus,  but  can  be  induced  to 
express  virus  by  a  variety  of  stimuli  such  as  PMA.  The  infected  T  cell  clone  (ACH-2) 
consututively  e.xpresses  virus  in  appro.ximately  10  to  15%  of  cells  and  can  be  induced  to  express 
virus  in  vinuaJly  100%  of  cells  following  induction  with  PMA.  We  employed  these  models  to 
determine  whether  physiological  factors  in  the  form  of  cytokines  which  are  normally  secreted  in 
response  to  immunologic  stimuli,  would  be  capable  of  inducing  virus  expression.  We  had 
previously  demonstrated  that  mitogens,  antigens,  and  transfected  heterologous  virus  genes  could 
induce  virus  expression.  However,  it  was  of  obvious  imponance  to  determine  if  virus  expression 
would  be  inexorably  induced  during  normal  immunologic  responses. 

We  demonstrated  that  cytokine-rich  supematants  from  phytohemagglutinin  (PHA)-stimulated 
mononuclear  cells  readily  induced  HIV  expression  from  both  the  Ul  and  ACH-2  lines.  We  then 
demonstrated  that  monokines  obtained  from  lipopolysaccharide-stimulated,  highly  purified 
monocytes  also  induced  virus  expression.  In  addition,  recombinant  granulocyte/macrophage 
colony  stimulating  factor  (GM-CSF)  induced  HIV  expression,  but  a  variety  of  other  recombinant 
cytokines  such  as  IL-1,  IL-2,  IL-3,  lL-4,  and  interteron  (IFN)-y  did  not.  Of  panicular  interest 
is  the  fact  that  TNF-a,  known  as  cachectin,  as  well  as  TNF-(3,  known  as  lymphotoxin,  were 
extremely  potent  in  the  induction  of  HIV  from  both  cell  lines.  Given  the  fact  that  TNF-a  is 
secreted  in  high  amounts  in  a  vanety  of  infections  as  well  as  the  fact  that  TNF-a  levels  are 
elevated  in  AIDS  patients,  the  demonstration  of  the  HIV-inductive  capability  of  this  factor  has 
obvious  immunopathogenic  and  clinical  implications. 

Using  aansient  transfection  experiments  with  the  long  terminal  repeat  (LTR)  from  HIV 
linked  to  the  CAT  gene  (LTR-CAT),  we  demonstrated  that  inductive  effects  of  these  cytokines 
were  due  to  a  transactivating  mechanism  with  the  target  being  the  LTR  of  HIV.  This  is 
compatible  with  the  well-recognized  mechanisms  of  induction  of  transcription  since  the  start  site 
of  transcription  of  the  HIV  provirus  resides  on  the  LTR.  Finally,  we  have  demonstrated  that 
the  induction  of  transcription  results  from  the  binding  of  DNA-binding  proteins  to  cenain 
specific  sites  on  the  LTR. 

Using  these  chronically  infected  cell  lines,  we  funhcr  demonstrated  that  IFN-a.  but  not 
azidothymidine  (AZT)  was  capable  of  blocking  the  induction  of  complete  expression  of  HIV  in  an 
already  infected  cell.  The  mechanism  of  blocking  was  an  interference  with  the  late  stage  of 
virus  expression,  i.e.,  the  budding  of  virions  from  the  cell  surface  at  the  same  time  that  virus 
proteins  were  synthesized  in  normal  amounts.  Since  AZT  could  effectively  block  de  novo  acute 
infection  of  target  cells,  these  experiments  provide  a  firm  scientific  basis  for  the  use  of  AZT  in 
combinauon  with  IFN-a  since  it  is  likely  that  new  acute  infection  of  susceptible  targets  as  well 
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as  the  induction  of  expression  of  HIV  in  already  infected  cells  occurs  continuously  in  HIV 
infected  individuals. 

We  have  continued  our  studies  on  the  in  vivo  and  in  vitro  infection  of  peripheral 
monocytes  by  HIV.  We  demonstrated  that  HIV  infects  monocytes  in  an  indolent  and  chronic 
manner  with  very  litde  cytopathic  effect.  Virus  buds  and  accumulates  intracellularly  and  is  not 
readily  released  from  infected  cells.  These  observations  are  compatible  with  the  concept  that 
monocytes  serve  as  a  reservoir  of  HIV  in  the  body  and  can  likely  disseminate  the  virus  to 
various  organs. 

Using  a  novel  posidve  selecdon  technique,  we  were  able  to  isolate  highly  purified 
progenitor  cells  from  normal  human  bone  marrow.  We  infected  these  cells  with  HIV  and 
succeeded  in  demonstradng  for  the  first  dme  that  myelomonocydc  cells  could  be  infected  with 
HIV.  The  virus  budded  intracellularly  and  accumulated  in  copious  amounts  in  these  progenitor 
cells  in  the  absence  of  significant  cytopathic  effects,  a  situation  remarkably  similar  to  that  seen 
in  mature  monocytes  and  in  contrast  to  that  in  CD4+  T  lymphocytes.  These  observations  may 
explain  certain  of  the  hematologic  abnormalines  seen  in  HIV  infecdon.  In  addition,  these 
findings  indicate  that  the  bone  marrow  may  serve  as  a  potentially  important  reservoir  of  HIV  in 
the  body. 

We  extended  our  studies  aimed  at  determining  the  effects  of  HIV  infection  on  the  T  cell 
pool.  We  demonstrated  that  HIV  infecdon  of  highly  purified  CD4+  peripheral  blood  T  cells 
resulted  in  the  outgrowth  of  T  cell  lines  which  were  CD4-/CD8-  and  expressed  the  gamma-delta 
T  cell  receptor.  These  cells  appeared  to  be  unable  to  generate  the  production  of  mRNA  specific 
for  IL-2  following  stimulation  with  PHA  and  PMA.  In  a  parallel  series  of  studies  it  was  found 
that  there  was  an  increase  in  the  percentage  and  absolute  count  of  these  same  gamma-delta 
cells  in  the  peripheral  blood  of  HIV-infected  patients.  (Folks,  Koenig,  Schnittman,  Poli,  Lane, 
Stanley,  Vitkovic,  Massari,  Fauci,  LIR/NIAID;  Martin,  Rabson,  LMM/NIAID;  Fox,  NCI;  Kessler, 
NMRI). 

The  Immune  Response  to  HIV  Infection 

Over  the  last  few  years  we  have  been  studying  the  immune  response  to  HIV  infection. 
Over  the  past  year  we  developed  for  the  first  time  HIV-specific,  MHC  restricted  T  cell  clones 
from  the  peripheral  blood  of  HIV  infected  individuals.  The  availability  of  these  T  cell  clones 
should  allow  us  to  delineate  the  fine  specificity  of  the  cytotoxic  T  cell  response  to  HIV. 

Over  the  past  year  we  developed  a  novel  assay  to  measure  the  presence  and  levels  of 
antibodies  which  block  the  binding  of  the  HIV  envelope  protein  to  the  CD4  molecule  on  the 
susceptible  target  cell.  Studies  are  underway  to  determine  the  clinical  relevance  if  any  of  these 
antibodies.  (Koenig,  Fauci,  LIR/NIAID;  Moss,  Earl,  LVD/NIAID) 

Clinical  Investigation  in  AIDS 

An  ongoing  study  of  983  health  care  workers  continues  to  demonstrate  that  the  risk  of  HIV 
transmission  from  patient  to  health  care  worker  is  low.  Despite  126  percutaneous  exposures,  337 
mucosal  exposures,  and  1672  cutaneous  exposures  to  blood  or  body  fluids  from  individuals  with 
HIV  infection,  no  evidence  of  seroconversion  to  HIV  has  been  found. 

In  an  effort  to  establish  better  diagnostic  techniques  for  detection  of  HIV  infection,  362 
homosexual  or  bisexual  men  with  a  history  of  high-risk  behavior  and  a  negative  ELISA  test  for 
antibody  to  HTV  were  examined  by  Western  blot,  p24  antigen  capture,  co-cultiire  for  HIV, 
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immunologic  profile  and  in  ^ome  uiMjnces  polymerase  chain  reaction  (PCR).  Thirty  percent  of 
individuals  were  tound  to  have  one  or  more  bands  on  Western  blot.  From  a  cohort  of  twenty  of 
these  individuals,  three  were  positive  by  PCR. 

A  series  of  clinical  trials  were  carried  out  in  an  effort  to  develop  better  therapies  for  the 
underlying  HlV-1  infection  and  immunologic  defects  seen  in  patients  with  AIDS  and  related 
conditions.  IFN-a  was  found  not  only  to  have  anti-neoplastic  activity  but  also  anti-retroviral 
acnvity  as  well  when  administered  to  patients  with  early  stages  of  HIV-1  infection.  AZT  was 
demonstrated  to  have  some  degree  of  benefit  in  patients  with  AIDS  and  Kaposi's  sarcoma.  A 
combination  trial  of  these  two  agents  in  patients  with  AIDS-associated  Kaposi's  sarcoma 
appeared  to  yield  better  results  than  either  agent  alone  and  with  less  toxicity.  Phase  I  studies 
with  muramyl  tripeptide  have  demonstrated  the  ability  to  enhance  tumoricidal  activity  of 
peripheral  blood  monocytes  from  patients  with  AIDS.  Bone  marrow  transplantation  in  association 
with  adoptive  transfer  of  syngeneic  lymphocytes  in  patients  pre-treated  with  AZT  has  failed  to 
yield  better  results  than  that  achieved  with  either  modality  alone. 

The  first  U.S.  trial  of  a  candidate  AIDS  vaccine  was  initiated  utilizing  the  full  length 
envelope  precursor  protein  of  HlV-1,  gpl60.  Individuals  immunized  with  up  to  160  |ig  of  gpl60 
have  developed  humoral  and/or  cell  mediated  immune  response  to  immunogen,  other  recombinant 
envelope  proteins  and  native  envelope  protein.  (Lane,  Fauci,  Davey,  Deyton,  LIR/NIAID;  Masur. 
Kovacs.  Falloon,  Polls,  Henderson,  CC/NTH) 

International  Studies  on  HIV  Infection 

AIDS  has  become  a  global  pandemic,  with  cases  reported  in  138  countries  throughout  the 
world.  An  intensive  research  effon  has  been  undenaken  in  several  countries  in  the  Caribbean 
and  Africa  to  study  the  unique  epidemiologic,  virologic,  clinical,  and  immunologic  features  of 
AIDS  in  these  areas.  In  Kinshasa,  Zaire,  we  identified  over  10,000  cases  ot  AIDS  in  1987  with  a 
male  to  female  ratio  of  1:1.5.  The  disease  is  predominantly  heterose.xually  transmitted  with  high 
seroprevalence  rates  to  the  HIV  of  3%  to  6%  among  the  general  heterosexual  population  in 
Kinshasa  in  contrast  to  <1%  in  rural  Africa.  HIV  infection  rates  of  20%  to  80%  have  been 
documented  among  spouses  of  AIDS  patients,  female  prostitutes,  and  among  patients  attending 
sexually  transmitted  disease  (STD)  clinics.  Similar  studies  in  the  United  States  have  confirmed  a 
5%  infection  rate  among  patients  attending  STD  clinics  with  increasing  evidence  of  heterosexual 
transmission  among  these  patients.  The  presence  of  genital  ulcerations  were  significantly 
associated  with  heterosexual  transmission.  In  studies  of  perinatal  transmission  of  HIV  infection, 
over  15,000  pregnant  women  in  Haiti,  Kenya,  and  Zaire,  of  whom  approximately  6%  are  HIV 
seropositive,  have  been  enrolled  in  prospective  studies.  Perinatal  transmission  which  occurs  in 
approximately  50%  of  children  appears  to  correlate  with  advanced  clinical  disease  and 
immunologic  impairment  of  the  mother  with  depressed  T4  cells.   Perinatal  HIV  infection  was 
associated  with  premature  birth,  low  binh  weight,  and  an  increased  monality  (22%)  within  the 
first  year  of  life.    Childhood  immunization  studies  on  HIV-infected  children  demonstrated 
efficacy  of  most  vaccines  with  few  adverse  effects,  documenting  the  continual  need  for  complete 
immunization  programs.  Immunologic  studies  have  cont'irmed  the  development  of  HIV-1  specific 
antibody  dependent  cellular  cytotoxicity  in  HIV-infected  African  patients  which  correlates 
strongly  with  the  development  of  antibody  to  gp41.  Further  studies  will  continue  to  examine 
the  frequency  of  human  retroviral  infection  (HIV- 1,  HlV-2,  HTLV-1)  in  selected  populations  with 
particular  emphasis  on  natural  history,  perinatal  transmission,  and  immunopathogenesis  which 
might  have  relevance  to  future  vaccine  studies.  (Quinn,  Brown,  Francis.  Fauci,  LIR/NIAID;  Ryder, 
CDC;  Plot,  Colebunders,  Institute  of  Tropical  Medicine.  Antwerp,  Belgium;  Holmes,  Kreiss,  U.  of 
Washington;  Hook.  Halsey.  Johns  Hopkins) 
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Clinical.  Immiinopathogenic.  and  Therapeutic  Studies  in  the  Spectrum  of  Vasculitis 

The  LIR  is  currently  studying  prospectively  one  of  the  largest  groups  of  patients  with  the 
vasculitic  syndromes  in  the  world.  On  the  basis  of  clinical,  pathophysiologic,  immunopathogenic, 
and  therapeutic  results  obtained  over  the  last  20  years,  we  have  designed  a  revised 
categorization  scheme  for  the  vasculitides  which  has  now  reached  worldwide  acceptance.  On  the 
basis  of  our  observations,  lymphomatoid  granulomatosis  is  classified  as  a  subset  of  malignant 
lymphoma  and  not  as  a  primary  vasculitis.  We  have  described  a  new  vasculitic  syndrome  termed 
the  polyangiitis  overlap  syndrome.  We  have  developed  and  instituted  aggressive 
chemotherapeutic  regimens  consisting  of  chronically  administered  cyclophosphamide  together  with 
corticosteroids.  This  therapy  has  dramatically  altered  the  5-year  survival  in  patients  with 
systemic  vasculitis  from  13%  in  untreated  patients  to  48%  after  treatment  with  corticosteroids  to 
greater  than  90%  in  oiu"  patients  treated  with  both  cyclophosphamide  and  corticosteroids.  This 
3ierapeutic  protocol  was  originally  evaluated  in  our  patients  with  Wegener's  granulomatosis, 
which  now  number  over  150,  but  has  been  extrapolated  and  successfully  used  in  treating  other 
vasculitides  such  as  polyarteritis  nodosa,  allergic  angiitis  and  granulomatosis,  isolated  central 
nervous  system  vasculitis,  Takayasu's  arteritis,  the  acute  vasculitis  of  Sjigren's  syndrome,  and 
the  polyangiitis  overlap  syndrome.  Our  therapeutic  protocols  for  the  vasculitic  syndromes  are 
now  used  worldwide.  We  have  observed  certain  unexpected  long-term  side  effects  of 
cyclophosphamide  and  are  currentiy  developing  new  therapeutic  protocols  for  the  vasculitic 
syndromes.  In  this  regard,  we  have  begun  to  treat  patients  who  cannot  tolerate  or  fail  to 
respond  to  cyclophosphamide  therapy  with  cyclosporin  A.    We  have  also  begun  to  study  the 
efficacy  and  toxicity  of  monthly  pulse  cyclophosphamide  in  the  vasculitic  syndromes.  Finally,  we 
have  been  liberally  employing  surgical  correction  of  stenotic  lesions  in  patients  with  Takayasu's 
arteritis  resulting  in  remarkably  favorable  functional  improvement  and  survival  rates.  (Fauci, 
Leavitt,  Hoffman,  LIR/NIAID;  Parrillo,  Shelhamer,  CC/NIH;  Giordano,  George  Washington  U. 
Medical  Center) 

Studies  of  the  Immunopathogenic  Features  of  Immune-Mediated  Diseases 

The  immunopathogenic  mechanisms  of  a  number  of  immune-mediated  diseases  and/or 
diseases  characterized  by  abnormalities  of  immune  function  were  investigated.  B  cells  from 
patients  with  CVI  were  studied  and  shown  to  respond  normally  to  LMW-BCGF,  but  abnormally  or 
not  at  all  to  HMW-BCGF  despite  the  ability  to  express  receptors  for  HMW-BCGF.  This 
abnormality  is  compatible  with  a  post  receptor  signal  transduction  defect.  Indeed,  our  data 
suggest  that  overproduction  of  an  arachidonic  acid  metabolite  such  as  PGE  or  one  of  the 
leukotrienes  may  be  playing  an  inhibitory  role  in  the  normal  signal  transduction  occurring  with 
HMW-BCGF.  Use  of  the  lipoxygenase  inhibitors  ketoprofen  or  hydrocortisone  have  resulted  in 
markedly  enhanced  production  of  antigen-specific  antibody  in  vitro.  We  have  extended  our 
studies  on  the  hypereosinophilic  syndrome  and  have  recently  had  the  opportunity  to  investigate  a 
large  family  cohort  of  patients  with  hereditary  hypereosinophilia.  They  will  serve  as  a  valuable 
model  for  study  of  this  interesting  syndrome.  We  have  demonstrated  the  presence  of 
antineutrophil  antibodies  in  patients  with  Wegener's  granulomatosis,  lymphomatoid  granulomatosis, 
polyarteritis  nodosa,  and  SLE.  In  some  cases,  the  titer  of  antineutrophil  IgG  correlates  with 
disease  activity.  Finally,  we  have  continued  our  studies  of  idiopathic  dilated  cardiomyopathy  and 
preliminary  analysis  of  data  indicate  that  this  disease  is  responsive  to  immunosuppressive 
therapy.  (Fauci,  Ambrus,  Leavitt,  Hoffman,  Young,  LIR/NIAID) 

Immunopathogenesis  of  Chlamydia  Trachomatis 
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Chlamydia  trachomaiis  is  the  most  common  sexually  transmitted  bacteiial  pathogen  in  the 
United  States  with  an  estimated  20  million  cases  annually.  Studies  have  been  in  progress  to 
define  the  clinical  spectrum  ot  chlamydial  infection,  to  develop  rapid  diagnostic  assays,  and  to 
examine  the  pathogenesis  of  chlamydial  infections  in  expenmental  animal  models.   In  women, 
chlamydia  cervical  infection  continues  to  be  high  (20'7c  to  30'^c).  Coinfection  with  gonorrhea  and 
humaii  papillomavirus  frequently  occur  and  ore  strongly  associated  with  the  appearance  of 
cervical  dysplasia  and  cervical  carcinoma.  In  a  study  to  determine  the  reliability  of 
mucopurulent  cervicitis  (MPC)  as  a  predictive  sign  for  chlamydial  infection,  we  found  that  51% 
of  patients  with  MPC  had  gonococcal  cervicitis  and  44^0  had  chlamydial  cervicitis,  while  28%  had 
both.  Contrary  to  previous  studies,  no  significant  association  between  chlamydia  and 
polymorphonuclear  leukocytes  or  with  MPC  could  be  established.  The  positive  predictive  value 
of  MPC  for  chlamydial  infection  was  only  44%  due  to  the  frequent  occurrence  of  other 
infections  such  as  gonorrhea  and  trichomonas.  Studies  have  been  initiated  to  examine  the 
impact  of  contraceptives  on  the  recurrence  oi  chlamydial  infections.  In  a  population  with  a 
chlamydial  infection  rate  of  26%  at  time  of  enrollment,  only  9%  demonstrated  infection  following 
active  use  of  contraceptives.  Diagnostic  assays  including  in  situ  hybridization  utilizing  DNA  and 
RNA  probes  for  Q.  trachomatis  as  well  as  polymerase  chain-reaction  have  been  initiated,  and  a 
high  sensitivity  and  specificity  for  detection  of  chlamydia  in  tissue  samples  has  been 
documented.  A  series  of  investigations  concerning  biology  and  pathogenesis  of  the  TWAR  strain 
of  chlamydia  are  currendy  in  progress.  We  have  demonstrated  that  optimal  growth  of  TWAR  is 
achieved  m  HeLa  cells  following  120  hour  incubation,  and  that  TWAR  can  be  detected  with 
monoclonal  antibodies  directed  at  the  lipopolysacchande  antigen  of  chlamydia.  Inoculation  of 
cynomolgus  monkeys  with  TWAR  demonsaated  establishment  of  mucosal  infections  of  the  eye, 
nasopharynx,  and  intestine,  followed  by  a  serologic  immune  response  to  the  infecting  agent. 
Further  studies  arc  planned  to  examine  the  clinical  spectrum  of  chlamydial  infections  and  the 
immunopathogcnesis  of  this  pathogen  in  non-human  primate  models.  (.Quinn,  LIR/NIAID) 
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Future  Plans  and  Objectives 

Over  the  past  year,  the  LIR  has  made  a  number  of  significant  contributions  in  the  areas  of 
the  regulation  of  the  human  immune  response  in  normal  and  disease  states,  the 
immunopathogenic  mechanisms  of  infection  with  the  human  immunodeficiency  virus  (HIV),  clinical 
studies  in  AIDS,  and  studies  of  the  immunopathogenesis  of  immune-mediated  diseases. 

We  will  continue  our  studies  on  the  activation  pathways  which  are  triggered  following 
stimulation  of  resting  B  cells  with  factors  such  as  B  cell  activation  factor  (BCAF)  as  well  as 
anti-|J.  and  Staphylococcus  aureus  Cowan  I.  We  will  attempt  to  clone  the  genes  for  BCAF  and 
its  cellular  receptor. 

We  will  continue  in  our  attempts  to  clone  the  genes  for  the  high  molecular  weight  B  cell 
growth  factor  (BCGF)  and  its  receptor.  We  will  also  extend  studies  on  the  second  messenger 
pathways  of  B  cell  acdvauon  following  triggering  with  the  B  ceil  specific  factors. 

We  will  continue  our  studies  on  immune-mediated  diseases  that  manifest  abnormalities  of 
function  BCGF  receptors. 

We  will  continue  our  attempts  to  clone  the  genes  for  B  cell  differentiation  factor  and  its 
receptor  as  well  as  further  delineate  functional  correlates  of  cell— factor  interactions. 

We  will  continue  to  analyze  B  cell  specific  gene  products  to  get  further  insight  into  the 
molecular  mechanisms  of  B  cell  function. 

We  will  extend  our  studies  on  the  induction  of  gene  expression  associated  with  the 
activation  of  immune  competent  cells.  We  have  already  isolated  several  novel  T  cell  specific 
genes.  We  will  attempt  to  isolate  and  characterize  their  gene  products  and  continue  to  pursue 
the  study  of  other  novel  genes. 

We  will  pursue  the  delineation  of  the  mechanisms  whereby  a  latent  or  low-level,  chronic 
infection  with  HIV  is  converted  to  an  active,  productive  infection.  This  area  will  be  pursued 
with  full  emphasis  on  the  molecular  biological  approach. 

We  will  pursue  studies  on  the  infection  of  normal  bone  marrow  precursors  with  HIV  and 
extend  these  studies  to  patients  already  infected  with  the  virus.  In  addition,  we  will  attempt  to 
infect  thymic  precursors  with  HIV. 

We  will  pursue  our  studies  oY  HIV  infection  of  monocytes  in  an  attempt  to  delineate  the 
molecular  mechanisms  of  intracellular  propagation  of  virus  in  monocytes. 

We  will  utilize  our  development  of  HlV-specific,  MHC-restricted  T  cell  clones  to  study  the 
fine  specificity  of  the  cytotoxic  T  cell  response  to  HIV. 

.  We  will  continue  our  phase  I  vaccine  trial  of  the  gpl60  HIV  vaccine  candidate. 

We  will  continue  and  extend  our  clinical  trials  program  of  anti-HIV  drugs  and 
immunomodulators. 

We  will  continue  our  study  of  syngeneic  bone  marrow  transplantation  in  HIV  infection  with 
the  added  possibility  of  immunizing  the  donors  with  HIV  proteins  in  accordance  with  our  vaccine 
study  in  order  to  transfer  immunity  against  HIV. 
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Wc  will  continue  our  epidemiologic  studies  ot  HlV-intected  individuals. 

The  longstanding  studies  of  the  use  of  cytotoxic  agents  together  with  alternate-day 
corticosteroids  in  systemic  vasculitis  have  continued  with  full  confurnation  of  the  original 
dramatically  favorable  results.  In  addition,  we  have  instituted  alternate  protocols  of 
cyclosporin  A  or  bolus  cyclophosphamide  in  individuals  who  cannot  tolerate  chronic  low-dose 
cytotoxic  therapy. 
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Honors.  Awards,  and  Scientific  Recognition 

Over  the  past  year,  members  of  the  LIR  have  received  a  number  of  awards  and  honors. 

In  1988  Dr.  Fauci  was  appointed  Director,  Office  of  AIDS  Research,  NIH,  and  Associate 
Director  of  NIH  for  AIDS  Research.  He  continues  to  serve  on  a  number  of  committees  of 
scientific  and  administrative  imponance.  During  the  past  year  he  served  on  the  International 
Advisory  Committee  for  the  IVth  International  Conference  on  AIDS  in  Stockholm  and  was 
appointed  to  the  ^fIH  Resoiirce  Allocation  Group. 

Dr.  Quinn  continues  to  serve  on  several  advisory  boards  on  AIDS  and  on  sexually 
transmitted  diseases,  including  the  Advisory  Committees  on  AIDS  to  the  Institute  of  Medicine  of 
the  National  Academy  of  Sciences  and  to  the  Pan  American  Health  Organization.  He  also  is  on 
the  NIAID  Advisory  Committee  on  Sexually  Transmitted  Diseases  and  the  Scientific  Advisory 
Board  to  the  Caribbean  Epidemiology  Center  in  Trinidad.  In  addition.  Dr.  Quinn  served  on  the 
scientific  committee  for  the  IVth  International  Conference  on  AIDS. 

Dr.  Fauci  and  other  members  of  the  LIR  serve  on  editorial  boards  of  journals  concerned 
with  the  areas  of  immunology,  allergy,  and  infectious  diseases.  Dr.  Fauci  continues  his  role  as 
Associate  Editor  for  the  American  Journal  of  Medicine.  He  maintains  his  position  on  the 
editorial  boards  of  Annals  of  Allergy.  Clinics  in  Immunology  and  Allergy.  La  Ricerca  in  Clinica  e 
in  Laboratorio.  Physicians'  Journal  Update.  Journal  of  Immunopharmacology.  Cellular  Immunology. 
EOS.  Immunopharmacology.  The  Journal  of  Molecular  and  Cellular  Immunology,  and  AIDS 
Research  and  Human  Retroviruses.  In  addition,  he  continues  his  appointment  as  an  advisory 
editor  for  North  America  for  the  journal  Thymus  and  as  advisory  ec^tor  for  The  Journal  of 
Clinical  Immunology.  During  the  past  year  he  was  appointed  to  the  advisory  board  of  Clinical 
Immunology  and  Immunopathology  and  to  the  editorial  board  of  AIDS  Patient  Care. 

During  the  past  year.  Dr.  Quinn  became  a  member  of  the  editorial  board  of  AIDS,  AIDS 
Research  and  Human  Retroviruses.  The  Journal  of  the  Acquired  Immunodeficiency  Syndrome,  and 
AIDS  Clinical  Digest.  Dr.  Lane  joined  the  editorial  boards  of  The  Journal  of  Clinical 
Immunology.  Clinical  Immunology  and  Immunopathology.  AIDS  and  Human  Retroviruses,  and  The 
Journal  of  the  Acquired  Immunodeficiency  Syndrome. 

Dr.  Fauci  continues  to  edit  with  Dr.  John  I.  Gallin  the  book  series  "Advances  in  Host 
Defense  Mechanisms."  In  addition,  he  is  an  editor  of  Harrison's  Principles  of  Internal  Medicine" 
and  "Harrrison's  Principles  of  Internal  Medicine  -  Companion  Handbook."  He  also  co-edits  the 
textbooks  "Current  Therapy  in  Allergy,  Immunology  and  RheumatoIogy-3"  and  "Current  Therapy 
in  Internal  Medicine."  Dr.  Quinn  is  co-editor  of  "Topics  in  the  Acquired  Immunodeficiency 
Syndrome,"  Volume  II.  Finally,  Dr.  Fauci  and  others  have  contributed  a  number  of  invited 
chapters  covering  a  variety  of  subjects  to  most  of  the  major  textbooks  of  medicine  as  well  as 
subspecialty  textbooks  in  immunology,  allergy,  and  infectious  diseases. 

Dr.  Fauci  as  well  as  several  members  of  the  LIR  were  asked  to  deliver  major  named  or 
invited  lectureships  during  the  year.  Dr.  Fauci  was  the  Distinguished  Lecturer  in  Medical 
Science  at  the  Mayo  Graduate  School  of  Medicine,  and  he  delivered  the  University  Lectureship 
at  the  University  of  Texas  Health  Science  Center  at  Dallas.  Dr.  Fauci  was  an  invited  symposium 
speaker  at  the  4th  International  ARC/NIH  Symposium  -  Cancers  in  the  Developed  World.  He  was 
an  invited  plenary  speaker  at  the  27th  Annual  Meeting  of  the  International  Conference  on 
Antimicrobial  Agents  and  Chemotherapy,  the  Annual  Meeting  of  the  Hospice  Association  of 
America,  The  American  College  of  Physicians  District  of  Columbia  Annual  Meeting,  the  Annual 
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Meeting  of  the  National  Academy  of  Sciences,  and  tlie  Centennial  Symposium  of  Abbott 
Laboratoncs.  He  \^as  also  an  invited  plenary  lecturer  at  the  International  Symposium  on 
Immunorcgulation  in  Clinical  Diseases  in  Florence,  Italy,  and  at  the  annual  meetings  of  the 
American  Academv  of  Pediatrics  and  of  the  American  Association  of  Immunologists.  Dr.  Fauci 
also  delivered  the  Alpha  Omega  Alpha  Lecture  to  the  Uniformed  Services  University  of  the 
Health  Sciences  and  to  the  New  York  University  School  of  Medicine.  Of  particular  note  was  the 
Kobcr  Lcctiirc  which  he  delivered  to  the  Association  of  American  Physicians. 

During  the  past  year,  Dr.  Koenig  was  an  invited  lecturer  at  several  national  and 
international  meetings:  International  Symposium  on  Infectious  Diseases  in  Tokyo,  the  First 
International  Conference  on  the  G I  Tract  and  the  Liver  in  the  Acquired  Immunodeficiency 
Syndrome  in  Munich,  and  the  Brazilian  Society  of  Immunology  in  Sao  Paulo.  Brazil,  as  well  as 
the  American  Academy  of  Dermatology  Annual  Meeting. the  American  Medical  Association 
Conference:  Biotechnology  Targets  .AIDS:  A  Clinical  Perspective  and  An  International  Symposium: 
Viruses.  Rickettsiae,  and  Severe  Human  Disease:  Natural  History  and  Prevention. 

Dr.  Lane  delivered  the  5th  .Annual  Julius  Stone  Lecture  of  the  American  Dermatologic 
Society  for  Allergy  and  Immunology.  Dr.  Ambrus  was  an  invited  lecturer  at  the  Leukocyte 
Culture  Conference  and  the  International  Society  for  E.xperimental  Haematology.  Dr.  Siebenlist 
delivered  invited  lectures  at  the  B  Cell  Neoplasia  Meeting  and  the  Gordon  Conference  on  Animal 
Cells  and  Viruses  and  Mitogen  Induced  Genes  in  Human  T  Cells. 

Finally  over  the  past  year,  Dr.  Fauci  was  honored  by  receiving  the  Public  Health  Leader  of 
the  Year  Award  of  the  Commissioned  Officers  Association  of  the  U.S.  Public  Health  Service,  the 
Kober  Lecture  Award  of  the  Association  of  American  Physicians,  and  the  National  Institutes  of 
Health  Clinical  Center  Annual  Distinguished  Clinical  Educator  Award.  In  addition.  Dr.  Fauci's 
work  was  cited  in  the  1988  Citation  Classics  (Current  Contents)  for  the  article  -  Fauci  AS, 
Havnes  BF,  Katz  P:  The  spectrum  of  vasculitis.  Ann  Intern  Med  89:  660-676,  1978. 
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Administrative.  Oriianization,  and  Other  Changes 

Established  in  1980,  the  Laboratory  of  Immunoregulation  (LIR)  is  in  its  eighth  year.  The 
major  theme  of  the  laboratory  continues  to  be  the  delineation  of  the  mechanisms  of  regulation 
of  the  human  immune  response  in  normal  and  disease  states.  Over  the  past  year,  greater 
emphasis  and  resources  have  been  placed  on  the  study  of  the  human  immunodeficiency  virus 
(HIV)  and  AIDS.  Dr.  Fauci  was  appointed  as  the  Director  of  the  newly  created  Office  of  AIDS 
Research  of  NIH  as  well  as  the  Associate  Director  of  NIH  for  AIDS  Research.  The  AIDS 
Clinical  Studies  Group  under  the  leadership  of  Dr.  H.  Clifford  Lane  has  been  expanded  over  the 
past  year  and  this  group  will  become  an  official  section  within  the  LIR  within  the  next  year. 
The  group  now  consists  of  Drs.  Lane,  Joseph  Kovacs,  Richard  Davey,  and  Judith  Falloon.  In 
addition,  several  study  nurses  have  been  added  to  the  team. 

Intensive  activity  continues  in  the  area  of  immunopathogenic  mechanisms  of  HIV  infection. 
This  year,  Dr.  Ljubisa  Vitkovic  has  joined  the  group  as  a  senior  staff  fellow  on  a  tenure  track. 
Dr.  Vitkovic  will  be  studying  pathogenic  mechanisms  of  the  neurologic  manifestations  of  HIV  at 
the  molecular  level.  Dr.  Thomas  Folks  will  be  leaving  the  LIR  in  the  fall  of  1988  to  assume  a 
position  as  Laboratory  Chief  at  the  Centers  for  Disease  Control  in  Atlanta.  Drs.  Scott  Koenig 
and  Peter  Bressler  have  entered  their  fifth  year  as  of  July  1988  as  senior  staff  fellows. 
Dr.  Bressler  completed  his  training  in  molecular  biology  under  Dr.  Ulrich  Siebenlist  of  LIR  and 
will  concentrate  on  the  molecular  biology  of  HIV.  Dr.  Steven  Schnittman  has  entered  his  fourth 
year  as  a  medical  staff  fellow,  and  Drs.  Ferdinand  Massari  and  Guido  Poll  will  continue  on  for 
an  additional  year.  Dr.  K.  Randall  Young  has  completed  his  fellowship  and  has  joined  the 
faculty  at  the  University  of  Alabama  in  Birmingham.  Drs.  Randi  Leavitt  and  Gary  Hoffman 
continue  their  responsibility  of  assisting  Dr.  Fauci  in  the  non-AIDS  clinical  research  studies  of 
LIR.  Drs.  Julian  Ambrus  and  John  Kehrl  continue  on  as  senior  investigators  studying  the 
regulation  of  the  human  B  cell  cycle.  Drs.  Peter  Zipfel  and  Albrecht  Schmidt  continue  on  for 
an  additional  year  in  Dr.  Siebenlist's  group,  while  Dr.  Mark  Brunvand  has  finished  his  fellowship 
with  Dr.  Siebenlist  and  has  joined  the  faculty  at  the  University  of  Washington. 
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We  have  continued  our  studies  on  the  mechanisms  of  activation,  proliferation,  and  differentiation  of 
human  lymphocytes,  particulary  B  cells,  at  the  cellular  and  molecular  levels.   By  examining 
intracellular,  second  messenger  events  following  triggering  of  B  cells  with  anti-mu.  Staphylococcus 
aureus  Cowan  I  (SAC),  or  a  B  cell  activating  factor  (BCAF).  we  have  demonstrated  divergent 
pathways  of  activauon  associated  with  expression  of  different  cellular  function.  We  have  extended 
our  studies  on  the  B  cell  specific  growth  factors  (BCGF):  high  molecular  weight  (HMW)  and  low 
molecular  weight  BCGFs.  We  have  demonstrated  that  these  factors  expand  different  functional 
subsets  of  B  ceils.   In  addition,  we  have  shown  that  B  cells  from  padents  with  diseases  such  as 
common  variable  hypogammablogulinemia  (CVH)  or  a  variety  of  B  cell  Icukemias  express  receptors  tc 
these  factors  to  variable  levels  and  arc  responsive  to  the  factors  in  a  manner  discordant  with  the 
expression  of  receptors  for  the  factors.  We  have  delineated  the  intracellular  signals  involved  in  B 
cell  proliferadon  to  our  BCGFs  and  have  demonstrated  that  the  receptor  for  HMW- BCGF  is 
phosphorylated  upon  binding  of  factor  to  its  cellular  binding  site.  Attempts  at  cloning  the  genes  for 
the  HMW-BCGF  and  its  receptor  conunue.   In  parallel,  we  have  continued  studies  on  BCGFs  that  are 
potent  inducers  of  B  cell  function,  but  which  arc  not  entirely  B  cell  specific.  We  have  demonstrated 
that  transforming  growth  factor-P  (TGF-P)  is  an  inhibitory  autocrine  lymphokine  that  may  play  a 
role  in  physiologic  downregulation  of  B  cell  function.   In  addition,  we  have  characterized  the  TGF-p 
receptor  on  human  B  cells.  We  have  demonstrated  that  lymphotoxin  and  tumor  necrosis  factor-a 
(TNF-aj  are  imponant  B  cell  regulatory  factors  and  have  shown  the  upregulation  of  TNF-a  receptors 
following  B  cell  activation.   Additional  studies  suggest  that  the  TNF-a  receptor  on  human  B  cells  is 
a  multichain  complex.   We  have  recently  initiated  studies  aimed  at  analyzing  B  cell  specific  gene 
products-  A  cDNA  library  has  been  constructed  from  activated  B  cell  tnRNA  and  screened  with  B 
minus  T  cell  mRNA  probes. 
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PSCFESSiCNAL. 


CHECK  APOQCPSIATE  aCXlESl 

5;  (a)  Human  suDiects  Zl   (b)   Human  tissues  Z   (c)  Neither 

C    (al)  Minors 
[Z   fa2)  Interviews 


SUMMARY  CP  //CPK    wS»  srancaro  jnrwOLCea  ."yp*.  Oo  nor  9xc99C  :n«  ^cace  srcvraec  i 

The  immunopathotjenic  mechanisms  of  a  number  of  immune  mediated  diseases  and/or  diseases 
characterized  by  abnormalities  of  immune  function  were  investigated.   B  cells  from  patients  with 
common  variable  immunodetlciencv  (CVI)  were  studied  and  shown  to  respond  normally  to  low 
molecular  weight  B  cell  growih  factor  (LMW-BCGF).  but  abnormally  or  not  at  all  to  high  molecular 
weight  (HMW)-BCGF  despite  the  ability  to  express  receptors  for  HMW-BCGF.  This  abnormality  is 
compatible  with  a  post  receptor  signal  transduction  defect.   Indeed,  our  data  suggest  that 
overproduction  of  an  arachidonic  acid  metabolite  such  as  PGE  or  one  of  the  leukotrienes  may  be 
playing  an  inhibitory  role  in  the  normal  signal  transduction  occurring  with  HMW-BCGF.  Use  of  the 
lipoxygenase  inhibitors  ketoprofen  or  hydroconisone  have  resulted  in  markedly  enhanced  production 
of  antigen  specific  antibody  in  vitro.  We  have  extended  our  studies  on  the  hypereosinophilic 
syndrome  (HES)  and  have  recently  had  the  opponunity  to  investigate  a  large  family  cohon  of 
patients  with  hereditary  hypereosinophilia.  They  will  serve  as  a  valuable  model  for  study  of  this 
interesting  syndrome.  We  have  demonstrated  the  presence  of  antineutrophil  antibodies  in  patients 
with  Wegener's  gTanulomatosis.  lymphomatoid  granulomatosis,  polyaneritis  nodosa,  and  SLE.  In  some 
cases,  the  titer  of  anti-neutrophil  IgG  correlates  with  disease  activity.  Finally,  we  have  continued 
our  studies  of  idiopathic  dilated  cardiomyopathy  and  preliminary  analysis  of  data  indicate  that  this  | 

disease  is  responsive  to  immunosuppressive  therapy. 
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Clinical,  Immunopathogenic,  and  Therapeutic  Studies  in  the  Spectrum  of  Vasculitis 
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INSTITUTE  AND  LOCATION 

NIAID,  NIH,  Bethesda,  Maryland  20892 


TOTAL  MAN-YEARS. 
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PRCFESSIONAU 


CHECK  APPROPRIATE  BOX(ES) 

CB  (a)   Human  subjects  G   (b)  Human  tissues  C   (c)  Neither 

C   (al)  Minors 
G   (a2)  Interviews 


SUMMARY  OF  WORK  (Use  stanaara  urreduoea  type.  Da  not  excsea  :ne  scace  ora'/icea.)  ' 

The  LIR  is  currently  studying  prospecdvely  one  of  the  largest  groups  of  patients  with  the  vasculitic 
syndromes  in  the  world.  On  the  basis  of  clinical,  pathophysiologic,  immunopathogenic,  and 
therapeutic  results  obtained  over  the  last  20  years,  we  have  designed  a  revised  categorization  scheme 
for  the  vasculirides  which  has  now  reached  worldwide  acceptance.  On  the  basis  of  our  observations, 
i  lymphomatoid  granulomatosis  is  classified  as  a  subset  of  malignant  lymphoma  and  not  as  a  primary 
■  vasculitis.  We  have  described  a  new  vasculitic  syndrome  termed  the  polyangiitis  overlap  syndrome. 
We  have  developed  and  instituted  aggressive  chemotherapeutic  regimens  consisting  of  chronically 
administered  cyclophosphamide  together  with  corticosteroids.  This  therapy  has  dramatically  altered 
the  5-yr  survival  in  patients  with  systemic  vasculitis  from  13%  in  untreated  patients  to  48%  after 
treatment  with  corticosteroids  to  greater  than  90%  in  our  patients  treated  with  both 
cyclophosphamide  and  corticosteroids.  This  therapeutic  protocol  was  originally  evaluated  in  our 
patients  with  Wegener's  granulomatosis  which  now  number  over  150,  but  has  been  extrapolated  and 
\  successfully  used  in  treating  other  vasculirides  such  as  polyarteritis  nodosa,  allergic  angiitis  and 
,  granulomatosis,  isolated  central  nervous  system  vasculitis.  Takayasu's  arteritis,  the  acute  vasculitis  of 
;  Sjogren's  syndrome,  and  the  polyangiitis  overlap  syndrome.  Our  therapeutic  protocols  for  the 
I  vasculitic  syndromes  are  now  used  worldwide.  We  have  observed  certain  unexpected  long-term  side 
!  effects  of  cyclophosphamide  and  are  currentiy  developing  new  therapeutic  protocols  for  the  vasculitic 
'  syndromes.  In  this  regard,  we  have  begun  to  treat  patients  who  cannot  tolerate  or  fail  to  respond 
to  cyclophosphamide  therapy  with  cyclosporin  A.    We  have  also  begun  to  study  the  efficacy  and 
toxicity  of  monthly  pulse  cyclophosphamide  in  the  vasculitic  syndromes.  Finally,  we  have  been 
liberally  employing  surgical  correction  of  stenotic  lesions  in  patients  with  Takayasu's  arteritis 
resulting  in  remarkably  favorable  functional  improvement  and  survival  rates. 
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An  intensive  effon  was  directed  toward  studying  the  epidemiologic,  virologic.  immunologic  and 
therapeunc  aspects  of  the  acquired  immunodeficiency  syndrome.  An  ongoing  study  of  983  health 
care  providers  has  conanued  to  demonstrate  the  low  nsiic  of  HIV-1  transmission  from  patient  to 
hospital  worker.  The  polymerase  chain  reaction  was  used  to  identify  the  presence  of  HIV-1 
genome  in  3  out  of  20  individuals  with  negative  ELISA  tests  and  indeterminate  antibody  profiles 
on  Western  blot.  HIV- 1  infection  of  highly  purified  peripheral  blood  CD4-i-  T  cells  has  been 
shown  to  result  in  the  outgrowth  of  a  population  of  gamma-delta  T  cells  that  are  defective  in 

I     IL-2  production.  A  subset  of  patients  with  HIV-1  infection  were  shown  to  have  increased 

numbers  of  gamma-delta  cells  in  the  peripheral  blood.  Immunization  of  healthy  human  volunteers 

■     to  the  gp  160  envelope  precursor  protein  of  HIV-1  has  elicited  antibody  and  lymphocyte  blast 
transformation  responses  to  both  recombinant  and  natural  product  HIV- 1  proteins.  A  senes  of 
clinical  trials  were  carried  examining  the  effects  of  alpha  interferon  and  AZT  either  alone  or  in 
combmation  in  patients  with  early  stages  of  HIV-1  infection.  Attempts  at  immunologic 
rcconstitution  employed  the  immunomodulators  lL-2  and  muramyl  tripepride  and  examined  tlie 
role  of  bone  marrow  transplantation  and  syngeneic  lymphocyte  transfers  in  combination  with 
anti-retroviral  therapy.  A  phase  I  trial  of  a  candidate  AIDS  vaccine,  gpl60  was  initiated. 
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SUMMARY  zf  WORK  . X/M  sianaMra  jnruoixta  rypm   Do  ml  ciceao  V)*  50*0  pmvKna  I 

We  have  studied  the  primary  transcriptional  response  of  human  peripheral  blood  T  cells  to 
mitogenic  activation.  Previously  we  had  constructed  a  subtractive  cDNA  library  and  used 
subtractive  and  differential  screening  methods  to  isolate  genes  which  are  induced  early  on  in  I 
ceils  stimulated  with  mitogens.  The  limited  number  of  known  inducible  genes  encode  oncogenes, 
lymphokines  and  their  receptors,  i.e..  genes  with  significant  roles  in  proliferation  and/or 
initiation  of  an  immune  response.  To  date  we  have  isolated  in  excess  of  69  induced  genes, 
which  include  several  of  the  known  genes  but  which  represent  a  much  larger  number  than  could 
have  been  expected  from  previous  studies.  We  are  pursuing  both  functional  and  regulatory 
asccciS  of  the  many  novel  induced  genes.  By  using  mitogenic  antibodies  to  the  CD2  and  CD3 
receptors  as  well  as  the  co-mitogens  anri-CD28.  phorbol  myristate  acetate,  DIC8  and  ionomycin, 
we  were  able  to  determine  that  every  mitogenic  agent  induces  all  genes  checked  to  date  but 
that  the  co-mitogens  could  easily  distinguish  these  genes  into  many  different  groups  with 
common  regulatory  elements.  Two  genes,  464  and  744,  behaved  similar  to  interleukin-2  (IL-2). 
Approximately  1/4  of  the  genes  tested  are  not  expressed  in  activated  human  lung  fibroblasts, 
including  464  and  744.  These  genes  are  also  among  those  which  are  very  sensitive  to  the 
immunosuppressive  drug  cyclosporin  A  and  among  those  which  are  constitutively  expressed  in 
human  T  Ivmphotrophic  virus  I  transformed  cells.  That  these  genes  possibly  encode  lymphokines 


was  further  supported  by  their  primary  sequence,  which  predicts  encoded  proteins  with  typical 
N- terminal  leader  sequences  and  with  homologies  to  each  other  as  well  as  to  a  group  of  so- 
called  inflammatory  response  genes,  a  new  family  of  factors  which  is  just  emerging.   In  cell 
lines  permanently  transfccted  with  the  human  immunodeficiency  virus  orf-B  protein  the  induction 
of  some  genes,  including  464.  appears  to  be  negatively  affected.   In  addition  to  these  studies,  we 
have  discovered  several  DNA  binding  proteins  which  interact  with  the  mitogen-responsivc  region 
of  the  IL-2  gene.  Some  of  these  proteins  bind  DNA  only  upon  prior  activation  of  the  cells. 
Also,  we  have  delimited  further  the  segment  of  the  c-myc  gene,  which  controls  the 
downrcgulation  of  this  gene  during  terminal  differentiation.   Lastly,  we  have  continued  to 
anempt  indirect  methods  of  cloning  a  B  cell  growth  factor  and  its  receptor. 
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CHECK  APPROPRIATE  aOX(ES) 

3  (a)  Human  subjects  G  (b)  Human  tissues  G  (c)  Neither 

G   (a1)  Minors 
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SUMMARY  OF  WORK  (Use  stanaara  unreducea  ype.  Do  not  exceed  the  space  proviaea.) 

The  acquired  immunodeficiency  syndrorhe  (AIDS)  has  become  a  global  pandemic,  with  cases 
reported  in  138  countries  throughout  the  world.  An  intensive  reseach  effort  has  been 
undertaken  in  several  countries  in  the  Caribbean  and  Africa  to  study  the  unique  epidemiologic, 
virologic.  clinical,  and  immunologic  features  of  AIDS  in  these  areas.  In  Kinshasa,  Zaire,  we 
identified  over  10,000  cases  of  AIDS  in  1987  with  a  male  to  female  ratio  of  1:1.5.  The  disease 
is  predominantly  heterosexually  transmitted  with  high  seroprevalence  rates  to  the  human 
immunodeficiency  virus  (HIV)  of  3"-6%  among  the  general  heterosexual  population  in  Kinshasa  in 
contrast  to  <1%  in  rural  Africa.  HIV  infection  rates  of  20-80%  have  been  documented  among 
spouses  of  AIDS  patients,  female  prostitutes,  and  among  patients  attending  STD  clinics.  Similar 
studies  in  the  U.S.  have  confirmed  a  5%  infection  rate  among  patients  attending  STD  clinics  with 
increasing  evidence  of  heterosexual  transmission  among  these  patients.  The  presence  of  genital 
ulcerations  were  significantiy  associated  with  heterosexual  transmission.  In  studies  of  perinatal 
transmission  of  HIV  infection,  over  15,000  pregnant  women  in  Haiti,  Kenya,  and  Zaire,  of  whom 
approximately  6%  are  HIV  seropositive  have  been  enrolled  in  prospective  studies.  Perinatal 
transmission  which  occurs  in  approximately  50%  of  children  appears  to  correlate  witii  advanced 
clinical  disease  and  immunologic  impairment  of  the  mother  with  depressed  T4  cells.  Perinatal 
HIV  infection  was  associated  with  premature  birth,  low  birth  weight,  and  an  increased  mortality 
(22%)  within  the  first  year  of  life.    Childhood  immunization  studies  on  HIV  infected  children 
demonstrated  efficacy  of  most  vaccines  with  few  adverse  effects,  documenting  the  continual  need 
for  complete  immunization  programs.  Immunologic  studies  have  confirmed  the  development  of 
HIV-1  specific  antibody  dependent  cellular  cytotoxicity  (ADCC)  in  HIV  infected  African  patients 
which  correlates  strongly  with  the  development  of  antibody  to  gp41.  Further  studies  will 
continue  to  examine  the  frequency  of  human  retroviral  infection  (HIV-1.  HIV-2.  HTLV-1)  in 
selected  populations  with  particular  emphasis  on  natural  history,  perinatal  transmission,  and 
immunopathogenesis  which  inight  have  relevance  to  future  vaccine  studies. 
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Chlamydia  crachomaris  is  the  most  common  sexually  transmitted  bactenal  pathogen  in  the  U.S. 
with  an  estimated  20  million  cases  annually.  Studies  have  been  in  progress  to  define  the  clinical 
spectrum  of  chlamydial  infection,  to  develop  rapid  diagnostic  assays,  and  to  examine  the 
pathogenesis  of  chlamydial  infections  in  experimental  animal  models.  In  women,  chlamydia 
cervical  infecdon  continues  to  be  high  (20-30%).  Coinfection  with  gonorrhea  and  human 
papillomavirus  frequently  occur  and  are  strongly  associated  with  the  appearance  of  cervical 
dysplasia  and  cervical  carcinoma.  In  a  study  to  determine  the  reliability  of  mucopurulent 
cerviatis  (MFC)  as  a  prcdicave  sign  for  chlamydia  infection  we  found  that  51%  of  panents  with 
.MPC  had  gonococcal  cervicids  and  44%  had  chlamydial  cervicids,  while  28%  had  both.  Contrary 
to  previous  studies,  no  significant  association  between  chlamydia  and  polymorphonuclear 
leukocytes  or  with  MPC  could  be  established.  The  positive  predictive  value  of  MPC  for 
chlamydial  infection  was  only  44%  due  to  the  frequent  occurrence  of  other  infections  such  as 
gonorrhea  and  cnchomonas.  Studies  have  been  initiated  to  examine  the  impact  of  contraceptives 
on  the  recurrence  of  chlamydial  infections.  In  a  population  with  a  chlamydia  infecdon  rate  of 
26%  at  time  of  enrollment,  only  9%  demonstrated  infection  following  active  use  of  contraceptives. 
Diagnostic  assays  including  in  sjiu  hybridization  utilizing  DNA  and  RNA  probes  for  C. 
trachomatis  as  well  as  polymerase  chain-reaction  have  been  imtiated,  and  a  high  sensitivity  and 
spcaficity  for  detection  of  chlamydia  in  tissue  samples  have  been  documented.  A  series  of 
mvestigaaons  concerning  biology  and  pathogenesis  of  the  TWAR  strain  of  chlamydia  arc 
currentiy  in  progress.  We  have  demonstrated  that  optimal  growth  of  TWAR  is  achieved  in  HeLa 
cells  following  120  hour  incubation,  and  that  TWAR  can  be  detected  with  monoclonal  antibodies 
directed  at  the  lipopolysacchande  antigen  of  chlamydia.  Inoculation  of  cynomolgus  monkeys  with 
TWAR  demonstrated  establishment  of  mucosal  infections  of  the  eye,  nasopharynx,  and  intestine, 
followed  by  a  serologic  immune  response  to  the  infecting  agent.   Further  studies  are  planned  to 
examine  the  clinical  spectrum  of  chlamydia  infections  and  the  immunopathogenesis  of  this 
j  pathogen  in  non-human  pnmate  models. 
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mechanisms  of  induction  of  HIV  expression.  We  demonstrated  that  normal  cytokines  such  as 
lipopolysaccharide-induced  monocyte  supematants  were  capable  of  inducing  HIV  expression  in 
these  cell  lines.  In  addition,  recombinant  TNF-g  and  TNF-p  induced  HTV  expression  in  these 
lines.  We  further  demonstrated  at  the  molecular  level  that  these  cytokines  induced  HIV 
expression  by  a  transactivating  mechanism  on  the  LTR  of  HIV.  We  demonstrated  that  IFN-g.  but 
not  AZT  was  capable  of  blocking  the  induction  of  HIV  from  these  chronically  infected  cell  lines 
by  interfering  with  the  late  stage  of  virus  budding,  while  not  interfering  with  the  synthesis  of 
viral  proteins.  We  demonstrated  that  HIV  infects  human  monocytes  in  vitro  and  that  the 
infection  is  a  low-level  chronic  infection  without  significant  cytopathic  effect.  In  addition,  we 
cultured  HIV  from  monocytes  of  HIV  infected  individuals.  We  demonstrated  for  the  first  time 
that  human  bone  marow  progenitor  cells  could  be  infected  with  HIV.  The  infected  cells  were 
myelomonocytic  cells:  HIV  was  produced  in  large  quantities  intracellularly  in  these  cells  witii 
littie  virus  budding  and  minimal  cytopathic  effect.  These  studies  indicate  that  the  bone  marrow 
may  serve  as  an  important  reservoir  of  HIV  infection  and  may  also  explain  certain  of  the 
hematologic  abnormalities  seen  in  some  HIV  infected  individuals.  We  developed  for  the  first 
time  HIV-specific.  MHC-restricted  cytotoxic  T  cell  clones  from  HIV  infected  individuals. 
These  studies  will  have  important  implications  in  delineating  the  fine  specificity  of  the  cytotoxic 
T  cell  response  to  HIV.  Finally,  by  employing  a  novel  assay  system,  we  demonstrated  the 
presence  of  antibodies  from  HIV-infected  individuals  which  block  the  binding  of  the  envelope 
protein  of  HIV  to  its  CD4  cellular  receptor. 
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Despite  many  new  challenges  the  research  goals  of  the  LID  remain  the  same:  (a) 
delineation  of  the  etiology,  pathogenesis  and  epidemiology  of  medically  important  viral  diseases 
and  (b)  development  of  means  for  their  control.  Although  the  mission  of  LID  has  not 
changed,  our  research  efforts  have  broadened  as  advances  in  molecular  biology  have  provided 
new  technological  opportunities  to  explore  medically  important  viruses  at  a  more  basic  level. 
The  newer  technology  has  allowed  us  to  define  structure,  organization  and  function  of  a 
number  of  viral  genomes  and  to  express  individual  viral  proteins  which  can  be  evaluated  for 
their  role  in  immunity  and  usefulness  in  immunoprophylaxis.  Various  noncoding  regions  of  the 
viral  genome  as  well  as  individual  viral  proteins  are  now  being  evaluated  at  the  molecular 
level  for  their  role  in  pathogenesis  and  virulence.  Considerable  success  has  been  achieved  in 
each  of  these  areas  of  research  during  the  past  few  years,  but  our  overriding  concern  remains 
the  need  to  relate  these  new  insights  to  the  understanding  and  prevention  or  treatment  of 
viral  disease.  In  this  regard,  there  is  cause  for  optimism  that  a  number  of  important  viral 
pathogens,  such  as  hepatitis  A  virus  (HAV),  respiratory  syncytial  virus  (RSV),  parainfluenza 
type  3  virus  (PIV3),  dengue  virus  and  rotavirus,  may  soon  be  brought  under  control  by 
immunization  with  an  attenuated  viral  mutant  or  a  viral  protein  expressed  in  a  recombinant 
vector. 

The  many  contributions  and  achievements  of  Dr.  Robert  Purcell,  Head,  Hepatitis  Viruses 
Section,  LID  were  recognized  by  the  National  Academy  of  Sciences  which  elected  him  to 
membership  during  their  annual  meeting  in  April  1988.  This  is  an  honor  well  deserved. 

Molecular  Viral  Biology 

Dengue  viruses.  Infection  by  dengue  viruses  (types  1  through  4)  continues  to  pose  a  major 
public  health  problem  in  many  geographic  areas,  especially  in  Southeast  Asia,  the  South 
Pacific,  the  Caribbean  and  in  Central  and  South  America.  Dengue  infection  can  cause  a 
hemorrhagic  fever/shock  syndrome  which  has  a  high  mortality  in  children  and  young  adults. 
Unfortunately,  there  is  a  lack  of  specific  immunoprophylactic  measures  against  dengue  and 
prevention  of  dengue  infection  still  depends  upon  mosquito  vector  control  which  is  labor- 
intensive  and  often  ineffective. 

The  dengue  genome  consists  of  a  molecule  of  positive  strand  RNA  approximately  1 1 
kilobases  in  length  which  codes  for  a  polyprotein  that  is  apparently  cleaved  by  specific 
proteases  to  generate  individual  viral  proteins.  The  three  structural  proteins,  C,  M  and  E,  are 
located  at  the  amino  terminus  of  the  polyprotein  while  nonstructural  proteins  NSl-NS2a-N2b- 
NS3-NS4a-NS4b-NS5  are  at  the  carboxy-terminus. 

Envelope  glycoprotein  epitopes.  Linear  B-cell  epitopes  in  the  envelope  (E)  glycoprotein  of 
dengue  type  4  virus  were  identified  by  ELISA  using  38  overlapping  15  amino  acid  peptides  that 
span  the  493  amino  acid  (E)  sequence  predicted  from  the  nucleotide  sequence  of  cloned  DNA. 
Murine  poly-  and  monoclonal  antibodies  bound  a  total  of  nine  peptides.  Five  of  these 
peptides,  all  located  at  the  N-terminus  of  the  envelope,  were  weakly  bound.  The  remaining 
four,  two  of  which  were  bound  only  by  monoclonals,  exhibited  greater  reactivity  and  were 
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located  about  60'^c  of  the  distance  from  the  N-  to  C- terminus  of  the  molecule,  but  were  not 
contiguous  with  each  other.   Antibodies  in  human  dengue  convalescent  sera  also  frequently 
recognized  these  linear  epitopes.   Future  plans  include  characterization  of  rabbit  anti-peptide 
antibodies  and  the  use  of  peptides  to  define  murine  and  human  T  cell  epitopes  (Markoff). 

Processing  of  dengue  proteins.  Processing  of  the  dengue  virus  pre-matrix  (pM)  protein  was 
studied  dunng  cell-free  translation  of  RNA  transcripts  prepared  from  cloned  dengue  DNA 
containing  capsid  (C),  pM,  and  \H2-terminal  envelope  glycoprotein  (E)  sequences.  Strategic 
mutations  were  produced  in  C  and  pM  sequences  by  site-directed  mutagenesis  of  dengue  DNA, 
and  mutant  RNA  transcripts  were  then  translated  to  elucidate  the  mechanism  for  processing. 
A  signal-like  funcuon  provided  by  a  hydrophobic  segment  (amino  acid  residues  100- 11 3  in  the 
dengue  polvprotein)  at  the  capsid-pM  junction,  mediates  translocation  which  is  linked  to 
cleavage.    Cleavage  at  the  capsid-pM  and  pM-E  junctions  is  mediated  by  signal  peptidase. 
Recognition  of  the  "signal"  does  not  require  prior  cleavage  of  N'H2-terminal  capsid  sequences. 
It  appears  that  the  "signal"  has  a  polar  effect  on  downstream  translocation  of  E,  and  possibly 
nonstructural  glycoprotein  NSl  sequences  (Markoff). 

Expression  of  dengue  proteins  by  vaccinia  virus.  Because  dengue  gene  expression  involves 
proteolytic  cleavage  of  the  polyprotein,  a  continuous  DNA  clone  was  used  to  achieve 
expression  of  dengue  genes.  The  initial  goal  was  to  express  both  protective  antigens.  E  and 
NSl.  from  their  cloned  DNA  sequence  using  vaccinia  virus  as  a  vector  and  then  evaluate  these 
antigens  for  their  protective  efficacy  in  experimental  immunoprophylaxis. 

The  three  structural  proteins,  capsid  (C),  membrane  (M)  or  its  precursor  PreM,  and 
envelope  glycoprotein  (E),  as  well  as  the  nonstructural  proteins  NSl  and  NS2a  were  expressed 
from  a  5 '-terminal  fragment  of  cloned  dengue  virus  DNA.  The  three  dengue  virus 
glycoproteins  produced  in  recombinant  vaccinia  virus-infected  cells  were  similar  to  authentic 
viral  glycoproteins  produced  during  dengue  virus  infection.  For  example,  E  was  properly 
glycosylated,  but  was  not  expressed  on  the  cell  surface.  Infection  of  cotton  rats  with  the 
vaccinia  virus-dengue  recombinant  induced  a  poor  immune  response  to  the  NSl  glycoprotein, 
while  antibodies  for  the  other  two  glycoproteins  were  not  detected.   Nevertheless,  mice 
immunized  with  this  vaccinia  virus  recombinant  developed  complete  resistance  to  fatal  dengue 
encephalitis  (Zhao,  Lai,  Bray). 

Because  of  the  poor  dengue  antibody  responses  to  the  vaccinia-dengue  recombinant  an 
attempt  was  made  to  increase  immunogenicity  by  expressing  dengue  envelope  on  the  surface  of 
infected  cells  using  the  respiratory  syncytial  virus  (RSV)  G  glycoprotein  N  terminal  membrane 
insenion  domain  as  a  carrier.  Recombinant  DNA  constructs  were  prepared  that  encoded  a 
truncated  N-terrmnal  segment  of  the  RSV  G  glycoprotein  fused  to  an  85%  fragment  of  the  (E) 
glycoprotein  or  to  smaller  E  subfragments.  Only  the  latter  were  expressed  on  the  surt'ace  of 
infected  cells,  but  none  of  the  E  fragments  induced  a  detectable  E  antibody  response.  Mice 
immunized  with  the  various  vaccinia-chimeric  E  recombinants  were  only  panially  resistant  to 
lethal  challenge  with  dengue  type  4  virus  and  survivors  exhibited  signs  of  encephalitis.  In 
contrast,  vaccinia  recombinants  expressing:  (i)  the  3  structural  proteins  (C.M.E)  plus  the  first 
2  non-structural  proteins  (NSl,NS2a),  or  (ii)  only  the  3  structural  proteins,  or  (iii)  only  E, 
induced  complete  resistance  to  lethal  dengue  virus  challenge  and  most  surviving  mice  did  not 
develop  signs  of  encephalitis.  These  findings  together  with  the  observation  that  dengue  E  is 
not  expressed  on  the  surface  of  dengue  virus  infected  cells,  indicates  that  this  viral 
glycoprotein  does  not  require  cell  surface  localization  to  induce  protective  immunity.  In  any 
case,  these  three  vaccinia  recombinants  represent  promising  vaccine  candidates  for  use  in 
prevention  of  dengue  (Bray,  Zhao,  Lai). 
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Analysis  of  the  dengue  NSl  protein  and  its  use  in  immunoprophylaxis.  The  nonstructural 
protein  1  (NSl)  of  dengue  virus  has  been  shown  by  others  to  induce  protective  immunity  in 
mice.  The  use  of  NS 1  for  immunization  against  infection  has  one  theoretical  advantage  over 
the  other  dengue  protective  antigen,  envelope  (E)  glycoprotein.  It  is  thought  that  antibodies 
to  E  cause  immune  enhancement  of  disease  during  subsequent  infection  by  a  heterotypic 
dengue  virus.  Initially,  a  series  of  overlapping  oligopeptides  that  span  the  entire  NS  1  amino 
acid  sequence  were  synthesized.  Subsequently,  recombinant  vaccinia  viruses  were  constructed 
which  expressed:  (i)  the  entire  NSl,  alone  or  in  combination  with  other  dengue  products,  or 
(ii)  subfragments  of  NS  1.  Analysis  of  the  binding  of  NS  1-specific  antibodies  to  peptides  by 
ELISA  and  immunoprecipitation  of  the  expressed  subfragments  of  NSl  revealed  that  the  amino 
terminal  third  of  the  NSl  protein  contains  the  major  antigenic  epitopes.  Studies  of  expression 
of  NS  1  by  another  series  of  vaccinia  recombinants  demonstrated  that  the  hydrophobic  sequence 
preceding  NS  1  is  a  functional  signal  for  proper  processing  of  this  glycoprotein  from  the 
polyprotein.  In  addition,  the  downstream  NS2a  sequence  was  found  to  be  required  in  ds  for 
the  normal  cleavage  of  the  NS  l/NS2a  junction.  This  observation  provides  an  explanation  for 
the  finding  that  infection  with  a  vaccinia  virus-NS  1  recombinant  which  included  the  entire 
downstream  NS2a  sequence  induced  complete  resistance  to  lethal  dengue  virus  challenge, 
whereas,  a  vaccinia  virus-NS  1  recombinant  containing  a  truncated  NS2a  sequence  induced  only 
partial  resistance.  This  finding  has  important  implications  for  the  incorporation  of  NS  1  into  a 
successful  strategy  for  dengue  immunoprophylaxis.  Also,  it  is  clear  that  consideration  should 
be  given  to  using  NSl  as  the  sole  antigen  in  a  dengue  vaccine  (Falgout,  Bray,  Lai,  Chanock). 

Dengue  E  and/or  NSl  expressed  by  a  baculovirus  recombinant  induces  highly  effective 
resistance  to  lethal  dengue  virus  challenge.  The  high  yielding  baculovirus-insect  cell  system 
was  also  used  successfully  to  achieve  expression  of  dengue  viral  proteins  from  cloned  DNA 
sequences.  A  recombinant  baculovirus  containing  a  4.0  kilo-base  dengue  virus  cDNA  sequence 
that  codes  for  the  three  viral  structural  proteins  and  nonstructural  proteins  NS  1  and  NS2a 
expressed  authentic  E  and  NS  1  in  infected  insect  cells.  Immunization  of  mice  with  these 
dengue  protein  products  induced  complete  resistance  to  fatal  dengue  encephalitis.  Recombinant 
baculoviruses  that  expressed  only  E  or  NS  1  were  then  constructed  to  elucidate  the  basis  for 
this  protective  immunity.  Mice  immunized  with  an  infected  cell  lysate  containing  either  E  or 
NSl  also  developed  complete  resistance  to  dengue  virus  challenge  (Zhang,  Lai,  Chanock). 

Attempts  to  construct  infectious  dengue  cDNA.  Overlapping  cDNA  clones  were  initially 
identified  which  spanned  the  entire  dengue  4  sequence  of  10,644  nucleotides  in  length.  These 
separately  cloned  DNA  segments  were  used  to  construct  a  full-length  DNA  copy.  SV40 
sequences  that  contained  an  early  promoter  and  origin  of  SV40  DNA  replication  were  inserted 
into  the  dengue  plasmid  and  the  resulting  DNA  (SVD4)  was  used  for  transfection  of  COS-1 
cells.  Recombinant  dengue  DNA  containing  an  SP6  promoter  was  also  constructed  in  order  to 
produce  RNA  transcripts  for  assay  of  infectivity  in  transfected  LLCMK2  cells.  Special 
emphasis  was  given  to  removing  non-viral  sequences  from  both  termini  of  full-length  dengue 
DNA.  The  modified  SP6-dengue  4  DNA  produced  precise  transcripts  in  an  in  vitro  system 
including  a  cap  structure  at  the  5 '-end.  Thus  far,  none  of  these  transcripts  has  proved  to  be 
infectious  following  the  standard  transfection  assay.  Possibly,  failure  to  detect  infectivity 
with  cloned  DNA  resulted  from  deletion  or  substitution  mutations  present  in  the  virus  which 
was  cloned  or  such  alterations  might  have  been  introduced  as  an  artifact  during  cloning.  A 
second  full-length  dengue  cDNA  copy  was  constructed  from  a  new  set  of  separate  clones. 
Although  the  RNA  transcripts  made  from  the  new  clone  also  failed  to  show  infectivity,  these 
new  full-length  dengue  sequences  may  prove  to  be  valuable  for  identifying  mutations  in  the 
original  cDNA  and  other  full  length  clones  by  comparison  of  restriction  enzyme  sites  and 
sequence  among  the  various  clones.  In  addition,  fragments  in  both  non-infectious  clones  will 
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be  replaced  with  the  corresponding  fragments  derived  from  other  cloned  cDNAs  in  a 
continuing  attempt  to  construct  a  full  length  cDNA  that  is  infectious  (Zhao.  Lai). 

Hep.itiiis  Viruses 

Hepatitis  .A  virus  (H.-W^  immunoprophyla-xis.  HAV  is  a  picomavirus  that  was  isolated  in  cell 
culture  for  the  first  time  in  1979.  HAV  was  isolated  in  LID  directly  from  human  clinical 
matenals  without  the  intervening  senal  passage  in  marmoset  monkeys  that  was  necessary  for 
the  initial  isolation  in  cell  culture.  Cell  culture-adapted  HAV  was  then  thrice  cloned  by 
terminal  dilution.  Since  the  virus  is  largely  cell-associated  and  generally  is  not  cytopathic  in 
cell  culture,  cloning  was  achieved  by  terminal  dilution  and  radioimmunoassay.  The  objective 
was  to  develop  a  live  attenuated  HAV  vaccine  suitable  for  administration  to  high-risk 
populations  in  the  United  States  and  abroad.  Our  strategy  involved  comparison  oi  the 
response  of  susceptible  primates  (chimpanzees  and  marmosets)  to  wild  type  HAV  and  to  tissue 
culture  adapted  mutants  of  HAV.  It  quickly  became  apparent  that  attenuation  of  HAV  occurs 
rapidly  during  serial  passage  in  cell  culture  and.  that  achieving  the  appropriate  degree  of 
attenuation  would  involve  trial  and  error.  Because  primary  African  green  monkey  kidney  cells 
that  are  free  of  contamination  with  latent  viruses  are  difficult  to  obtain,  and  because  of  the 
recent  finding  of  AIDS-like  retroviruses  in  African  green  monkeys,  the  attenuated  HAV  mutant 
was  adapted  to  MRC-5  cells,  a  semi-continuous  cell  type  that  is  licensed  for  vaccine 
production.    .\lRC-5  adapted  virus  which  had  been  recloned  wasjrompletely  attenuated  for 
chimpanzees  and  marmosets  when  inoculated  i.v.  at  a  dose  of  10    TCIDcq.  Plans  are  underway 
to  begin  clinical  testing  in  volunteers  in  collaboration  with  the  Army  (WRAIR).  Depending 
upon  whether  it  is  overattenuated  or  underattenuated  for  man,  "fine-tuning"  of  the  virus  will 
be  attempted  by  introducing  deletions  and/or  insertions  into  infectious  (HAV)  cDNA  (Purcell, 
Feinstone). 

Molecular  biology  of  HAV.  Both  the  wild  type  parent  and  attenuated  vaccine  candidate  HAV 
have  been  cloned  and  sequenced  and  a  full  length  infectious  cDNA  clone  was  derived  from  the 
attenuated  virus.  The  relative  imponance  of  each  of  the  24  nucleotide  differences  between 
wild  type  and  attenuated  viruses  in  the  establishment  of  attenuation  are  being  evaluated  by  an 
analysis  of:  (a)  chimeric  infectious  cDNAs  derived  from  virulent  and  attenuated  HAV  cDN'As 
and  (b)  mutants  of  virulent  HAV  produced  by  site  specific  mutagenesis.  The  genome  of  wild 
type  and  mutant  HAV  was  divided  into  three  ponions:  (i)  5'  noncoding  region,  (ii)  PI  (capsid 
region),  and  (iii)  P2-P3  (nonstructural  proteins  and  3'  noncoding  region),  and  all  si.x  possible 
combinations  of  wild-type  and  attenuated  fragments  were  constructed.   RNA  transcripts  from 
three  of  the  cDNA  constructs  were  infectious  when  transfected  into  monkey  kidney  cells. 
These  three  chimeric  viruses  will  be  inoculated  into  marmosets  to  determine  which  portions  of 
the  genome  play  a  role  in  attenuation.   In  each  of  the  chimeric  cDNAs  which  were  not 
infectious  the  P2-P3  regions  originated  from  wild-type  virus.  This  implies  that:  (a)  the  wild- 
type  cDNA  is  not  infectious  due  to  a  mutation  in  the  P2-P3  region,  or  more  likely,  (b) 
mutations  in  the  P2-P3  region  that  developed  during  serial  passage  in  cell  culture  are 
responsible  for  cell  culture-adaptation  and  hence  virus  with  wild-type  sequence  in  this  region 
grows  poorly  in  cell  culture  (Emerson,  Purcell). 

Initially  all  transfections  were  performed  with  primary  monkey  kidney  cells.  Recently  a 
number  of  more  easily  manipulated  cell  lines  (one  human  and  three  primate-derived)  were 
successfully  tranfcctcd  with  RNA  tran.scribed  from  the  attenuated  HAV  clone.   Using  this  more 
rapid  transfection  assay  it  was  shown  that  a  chimera  containing  primarily  wild-type  sequence 
except  for  a  shon  region  of  attenuated  sequence  in  the  P2  region  was  infectious.  This  short 
region  differs  from  wild  type  sequence  in  only  6  amino  acids.  Two  differences  occur  in  the 
23  gene,  which  has  no  defined  function,  while  the  remaining  four  changes  are  in  the  2C  gene 
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which  is  thought  to  be  involved  in  transcription.  Accordingly,  site-specific  mutagenesis  was 
used  to  restore  individual  bases  in  the  attenuated  clone  to  wild-type  sequence.  The  results  of 
transfection  assays  with  these  constructs  indicated  that  not  more  than  4  amino  acid 
substitutions  in  the  wild  type  2B  and  2C  sequence  were  required  for  growth  in  cell  culture. 
Full  length  eDNAs  with  selected  single  point  mutations  introduced  by  oligonucleotide  site- 
directed  mutagenesis  are  being  used  to  further  delineate  the  sites  responsible  for  attenuation 
and  to  relate  altered  phenotype  to  the  function  of  individual  genes.  Thus,  we  will  begin  with 
a  virus  of  known  virulence  and  genetic  sequence  and  alter  its  genome  step-wise  to  achieve  the 
ideal  level  of  attenuation  (Emerson,  Feinstone,  Purcell). 

Full  length  HAV  cDNAs  from  wild-type  and  attenuated  HAV  HM-175  are  also  being 
utilized  in  an  in  vitro  translation  assay  to  study  the  genomic  organization  of  HAV.  For 
example,  a  chimeric  construct  in  which  the  5'  noncoding  region  of  HAV  was  replaced  with  the 
corresponding  region  of  another  picomavirus,  encephalomyocarditis  virus  (EMCV),  enhanced 
greatly  the  efficency  of  in  vitro  translation.  Also,  in  vitro  translation  of  full  length  RNA 
transcripts  produced  from  the  HAV  cDNAs  yielded  a  broad  size  range  of  polypeptides,  but 
these  proteins  were  not  immunoprecipitated  when  reacted  with  a  panel  of  antibodies  to  HAV. 
When  the  RNA  was  cleaved  at  specific  sites  within  the  PI  region  by  digestion  with  RNase  H 
in  the  presence  of  specific  DNA  oligonucleotides,  the  major  translation  product  was  a 
polypeptide  of  the  size  predicted  from  correct  initiation  of  translation  and  termination  at  the 
site  of  cleavage.  These  results  suggest  that  both  internal  initiation  of  translation  and 
appropriate  premature  termination  occurred  in  this  translation  system.  Translation  efficiency 
of  the  uncapped  genome  of  other  picomaviruses  is  determined  by  the  structure  of  the  long  5' 
noncoding  region.  For  this  reason  efforts  are  underway  to  analyze  the  translation  efficiency 
of  HAV  RNAs  altered  in  this  region  and  to  determine  whether  a  cap  structure,  added  in  vitro 
increases  translation  efficiency  (Emerson,  Wychowski). 

The  5'  terminal  HAV  gene,  codes  for  a  polypeptide  only  23  amino  acids  long.  In  other 
picomaviruses  VP4  is  found  in  virions  and  is  myristylated.  Deletion  mutaitts  of  HAV  were 
constructed  which  remove  regions  of  VP4  but  leave  the  first  AUG  codon  and  the  reading 
frame  correct.  These  are  being  studied  by  transfection  assays  to  determine  whether  VP4  has 
a  critical  function  in  HAV.  In  vitro  translation  will  be  used  to  define  the  exact  start  of 
translation,  to  determine  whether  VP4  is  myristylated,  and  if  so  at  which  site  (Emerson, 
Wychowski,  Feinstone). 

Biology  of  HAV.  Dr.  Lee  Maloy  prepared  antibodies  against  a  synthetic  peptide  representing 
the  entire  predicted  23  amino  acids  of  VP4,  and  the  carboxy  terminus  of  VP2.  These 
antibodies  were  used  to  study  viral  structural  proteins  by  immunoprecipitation  and  western  blot 
analysis.  Because  the  predicted  size  for  the  capsid  protein  VP4  is  only  23  amino  acids  (about 
l/3rd  the  size  of  most  picomavirus  VP4's)  it  was  important  to  leam  whether  cleavage  of  VPO 
into  VP2  and  VP4  actually  occurs.  Antibodies  to  VP4  recognized  a  larger  peptide  in  the  25  to 
30  kDa  range  which  is  presumably  VPO  the  uncleaved  precursor  of  VP4  and  VP2.  A  viral  VP4 
band  was  not  detected  in  these  westem  blots  but  the  sensitivity  of  the  test  for  synthetic  VP4 
was  very  low  (approximately  1  (ig  of  peptide).  Antibodies  to  a  synthetic  peptide  representing 
the  carboxy  terminus  of  capsid  protein  VP2  recognized  2  closely  spaced  bands  (VPO  and  VP2) 
on  westem  blots.  This  suggests  that  cleavage  of  VPO  to  yield  VP2  and  VP4  does  occur  but  it 
is  possible  that  the  very  small  VP4  is  lost  from  the  mature  virion  (Feinstone). 

Evolution  of  hepadnavimses  and  retroviruses  and  the  identification  of  a  previously 
unrecognized  plus  sense  open  reading  frame  (ORF).  A  number  of  observations  suggest  that 
hepatitis  B  virus  (HBV)  and  retroviruses  evolved  from  a  common  ancestor:  (1)  both  HBV  and 
retrovimses  utilize  a  unique  mechanism  of  genome  replication  by  reverse  transcription  of  RNA; 
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(2)  highly  conserved  regions  of  HBV  proceins  share  considerable  homology  with  retrovirus 
nuclcocapsid.  protease,  and  polymerase  proteins;  (3)  the  HBV  polymerase  shares  organizational 
similantics  with  the  polymerase  gene  sequence  of  retroviruses  and  retrovirus-like  genetic 
elements;  (4.)  genetic  analysis  and  low  stringency  blot  hybridization  indicates  that  HBV  DNA 
sequences  arc  most  closely  related  to  NILV  DNA  sequences;  (5)  HBV  possesses  two  previously 
ururcognized  open  reading  frames  which  may  represent  genuine  gene  sequences.  Interestingly, 
one  of  the  new  open  reading  frames  is  located  on  the  DNA  plus  strand  of  the  double -stranded 
virus  genome.  This  also  appears  to  be  a  unique  feature  of  retroviruses  that  encode  proteins 
involved  in  transcription  activation  because  a  plus  strand  DNA  ORF  was  identified  for  the 
first  time  in  the  HIV  genome,  as  well  as  the  genomes  of  related  retroviruses  of  animals. 
Interestingly,  this  ORF  occurs  in  a  region  complementary  to  the  envelope  gene  sequence  and 
could  encode  a  protein  of  approximately  190  amino  acid  residues  with  a  relative  molecular 
mass  of  20  kdal  if  translation  began  from  the  first  initiation  codon.  The  predicted  protein  is 
highly  hydrophobic  and  thus  could  be  membrane  associated.  Supponing  evidence  that  this  ORF 
represents  a  genuine  gene  sequence  is  that  it:  (1)  is  conserved  in  12  HIV  1  sequences;  (2)  is 
present  at  the  3'  end  of  the  genomes  of  HIV-related  viruses;  (3)  has  conserved  5'  and  3' 
flanking  nucleotide  sequences  essential  for  transcription;  and  (4)  has  a  codon  periodicity 
shared  by  protein-encoding  gene  sequences.  It  is  possible,  therefore,  that  the  HBV  and  HIV 
genomes  encode  unique  proteins  on  a  mRNA  molecule  of  opposite  polarity  to  the  previously 
characterized  viral  transcripts  (Miller). 

■Animal  hepadnaviruses:  Molecular  biology.  The  woodchuck  hepatitis  virus  (WHV)  is  an 
hepadnavirus  which  is  closely  related  to  the  human  hepatitis  B  virus  (HBV).  Infection  with 
each  of  these  viruses  is  associated  with  acute  and  chronic  hepatitis  and  hepatic  cell  carcinoma 
m  their  respective  hosts.  Thus,  the  WHV/woodchuck  system  provides  a  relevant  and 
convenient  model  for  understanding  HBV  infections  of  humans. 

The  HBV  genome  contains  four  long  open  reading  frames  encoding  the  viral  core, 
polymerase  and  surface  proteins  as  well  as  a  protein  of  unknown  function  (X).  Sequences  at 
the  C-terminus  or  N-terminus  of  the  WHV  X  gene  were  deleted  and  the  resulting  mutant  DNA 
genomes  were  transfected  into  the  liver  of  adult  woodchucks.  Wild  type  WHV  DNA,  tested  as 
a  positive  control,  initiated  a  productive  infection,  whereas  the  X  gene  deletion  mutants  did 
not.  Thus,  the  X  gene  product  is  essential  for  virus  replication  (Miller,  Chung,  Kaneko, 
Girones). 

Analysis  of  the  nucleotide  sequence  of  4  WHV  strains  indicated  that  the  level  of 
divergence  (1  to  3.5%)  was  similar  to  that  of  HBV  strains  of  the  same  subtype  (1.5  to  2%),  but 
less  than  that  of  HBVs  of  different  subtype  (8  to  10%).  Different  regions  of  the  polymerase 
and  X  genes  would  appear  to  evolve  independently  and  at  different  rates.  Overlapping 
portions  of  these  genes  seem  to  evolve  at  a  faster  rate  (with  more  nucleotide  and  amino  acid 
variation)  than  the  nonoverlapping  portions,  despite  the  constraints  placed  on  them  by  coding 
for  two  different  proteins  (Miller,  Purcell). 

The  rate  at  which  hepadnaviruses  mutate  is  of  interest  because  these  viruses  have  a 
propensity  to  establish  persistent  infection.  The  mutation  rate  of  hepadnaviruses,  which 
replicate  by  reverse  transcription  of  an  RNA  template  should  be  a  function  of  the  fidelity  of 
two  (or  possibly  three)  enzymes:  the  host  cell-derived  RNA  polymerase,  and  the  virus-derived 
DNA  polymerase/reverse  transcriptase.  Mutation  rate  was  studied  by  analyzing  the  nucleotide 
sequence  of:  (i)  recombinant  WHV  DNA  used  to  initiate  persistent  infection  of  a  neonatal 
woodchuck  and  (ii)  WHV  DNA  cloned  from  virus  present  in  serum  16  months  post-transfection. 
Not  a  single  difference  was  detected  suggesting  that  the  mutation  rate  of  WHV  is  considerably 
less  than  that  of  single  strand  RNA  viruses  (Miller,  Chung,  Kaneko,  Girones). 
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Epidemic  non  A.  non  B  hepatitis.  In  1980  LID  scientists  described  a  new  form  of  viral 
hepatitis  caused  by  a  previously  unrecognized  hepatitis  virus  with  epidemiologic  characteristics 
of  HAV.  The  newly  recognized  virus:  (i)  is  transmitted  by  the  fecal-oral  route,  (ii)  produces 
very  large  water-borne  epidemics  and  (iii)  is  probably  responsible  for  a  significant  proportion 
of  endemic  hepatitis.  This  virus  is  not  related  antigenically  to  HAV.  The  disease,  now  called 
epidemic  or  enterically  transmitted  non-A,  non-B  hepatitis  (ENANB)  is  both  epidemic  and 
endemic  throughout  the  Indian  subcontinent,  central  Asia,  parts  of  the  Middle  East  and 
northern  Africa,  with  probable  extension  to  West  Africa.  The  putative  etiologic  agent,  a  27- 
30nm  nonenveloped  virus,  was  first  detected  in  a  volunteer  study  in  1983  and  similar  virus-like 
particles  have  been  seen  in  feces  of  cases  from  a  number  of  other  outbreaks.  The  small 
quantity  of  such  virus-like  particles  available  for  study  has  limited  progress.  Our  initial 
objective  was  to  confirm  the  identity  of  the  ENANB  virus  and  to  characterize  its  antigenic 
and  molecular  biological  preoperties.  Longer  term  goals  include  development  of:  (i)  useful 
assays  for  diagnosis  of  infection  and  seroepidemiologic  study  and  (ii)  passive  and  active 
immunoprophylaxis  for  this  important  human  pathogen. 

An  acute  phase  stool  sample  was  identified  that  contained  just  enough  virus-like  particles 
to  perform  a  limited  number  of  serological  assays  by  immune  electron  microscopy  (lEM).  lEM 
analysis  of  paired  sera  obtained  from  epidemic  and  endemic  disease  in  regions  where  the  virus 
is  prevalent  indicated  that  ENANB  hepatitis  occurring  throughout  India,  in  Pakistan,  southern 
Russia  and  Algeria  is  all  caused  by  a  single  virus  or  a  group  of  viruses  that  are  closely 
related.  Chimpanzees  inoculated  with  stools  containing  virus-like  particles  from  the  outbreaks 
developed  hepatitis  and  seroconverted,  thus  establishing  transmissibility  to  a  non-human 
primate  species  (Purcell,  Kapikian). 

AIDS  Virus  Research 

There  is  a  pressing  need  to  define  the  mechanisms  employed  by  the  host  to  control 
infection  by  the  human  immunodeficiency  viruses  (HIV).  It  is  especially  important  to 
determine  whether  any  of  the  immune  mechanisms  which  act  to  suppress  HIV  could  prevent 
infection  if  this  form  of  immunity  were  functionally  active  prior  to  exposure  of  the  host  to 
virus.  These  questions  can  be  addressed  most  rapidly  and  most  efficiently  in  experimental 
animals  employing  immunodeficiency  viruses  which  closely  resemble  HIV  and  which  infect  and 
cause  AIDS  in  these  species.  For  these  reasons  experimental  studies  of  simian 
immunodeficiency  virus  (SIV)  and  feline  immunodeficiency  virus  (FTLV)  have  been  initiated  in 
their  natural  hosts.  These  studies  are  now  being  performed  collaboratively  as  a  part  of  the 
AIDS  related  research  contract  awarded  to  Georgetown  University.  This  research  program 
began  Aug.  1987.  The  newly  recognized  animal  immunodeficiency  viruses  (SIV  and  PTLV)  are 
being  studied  intensively  using  the  full  range  of  techniques  of  contemporary  molecular  and 
cellular  biology  because  these  viruses  have  relevance  to  the  natural  history  of  the  human 
immunodeficiency  viruses  and  thus  SIV  and  FTLV  can  serve  as  models  to  investigate 
mechanisms  of  disease  and  immunity  in  experimental  animals.  The  initial  efforts  have  been 
directed  toward  cloning  and  characterizing  the  genome  of  viruses  which  cause  an 
immunodeficiency  syndrome  in  monkeys  (SIV)  and  cats  (FTLV).  SIV  is  genetically  closely 
related  to  the  human  AIDS  viruses,  while  FTLV  appears  to  be  much  less  related  to  the  human 
or  primate  viruses  based  on  a  lack  of  antigenic  cross  reactivity  (no  sequence  data  is 
available).  These  two  model  systems  will  allow  an  in-depth  examination  (in  vitro  and  in  vivo) 
of  the  molecular  biology  and  pathogenesis  of  these  viruses  as  well  as  host  immune  response, 
and  will  afford  the  opportunity  for  systematic  evaluation  of  various  strategies  for 
immunoprophylaxis  and  antiviral  therapy  (Purcell,  Barnes). 
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Simian  immunodeficiency  virus.  Three  strains  of  SIV  are  currenily  being  evaluated:   1) 
SlVj^      a  strain  isolated  at  the  Delta  Pnmate  Center  from  an  asymptomatic  sooty  mangabey; 
2)  Slv        ■  a  strain  isolated  from  a  sick  rhesus  macaque  at  New  England  Primate  Center.  3) 
SIV  a  strain  isolated  from  an  African  green  monkey  at  NIH  by  Drs.  Gravell  and  London 

(M.'^c!dS).  a  suspension  of  SIVj^j^^  (prepared  by  M.  Murphy-Corb  of  the  Delta  Primate 
Center)  was  evaluated  for  infectivity  in  rhesus  macaques.  Only  monkeys  receiving  the  10    or 
10'~  dilution  were  infected  and  the  recipient  of  the  undiluted  inoculum  is  now  developing 
AIDS  (Purccll,  Johnson,  Hirsch,  London). 

Studies  are  currendy  in  progress  to  evaluate  cells  and  cell  lines  for  use  in  virus  titration 
and  neutralization  studies.  These  studies  are  complicated  by  the  relatively  poor  cytopathic 
effect  produced  by  SIV  in  all  transformed  CD4-bearing  T  lymphocyte  lines  tested  thus  far. 
Compounding  this  problem  is  the  finding  that  SIV  replicates  in  a  limited  number  of  cell  lines 
relative  to  HIV-1  and  HIV-2.  To  date,  the  most  sensitive  cell  appears  to  be  the  human  .\IT-4 
line,  which  is  transformed  by  HTLV-1.  Concurrentiy.  methods  are  being  developed  to  optimize 
the  sensitivity  of  these  assays  (Purcell,  Johnson). 

A  new  type  of  antibody  assay  is  being  evaluated  that  will  allow  for  the  rapid  screening 
of  large  numbers  of  sera.  The  assay  employs  a  synthetic  peptide  representing  a  highly 
immunogenic  region  of  the  transmembrane  glycoprotein  (gp  32)  as  a  solid  phase  ELISA  antigen. 
.•\  similar  assay  for  HIV  has  proven  sensitive  and  specific.  Preliminary  studies  indicate  that 
the  assay  will  identify  SIV  specific-antibodies  from  at  least  three  genera  of  monkeys 
regardless  of  infecting  strain  of  SIV  (Johnson,  Purcell). 

Cloning  and  sequence  analysis  have  been  performed  for  several  isolates  of  SIV^^^^    It  is 
clear  that  isolates  obtained  from  different  animals  at  different  times  e.xhibit  significant 
nucleotide  sequence  variation.  Cloning  and  sequencing  SIV  (jgifo  and  SIV  ^^^  (a  bona  fide 
African  green  monkey  isolate)  are  underway  so  that  sequence  analysis  can  b^ extended  to 
additional  strains  of  SIV.  Another  goal  is  to  obtain  disease  producing  infectious  molecular 
clones  that  can  be  used  in  studies  of  (i)  antigenic  drift  and  (ii)  gene  function  in  vivo  and  in 
vitro.  The  env  gene  (from  SIV^^^^  kindly  provided  by  G.  Franchini,  NCI)  has  been  e.xpressed 
in  a  recombinant  of  the  WR  strain  of  vaccinia  virus.  The  expressed  product  is  a  biologically 
active  envelope  protein  that  induces  syncytium  formation  in  cells  susceptible  to  SIV  infection. 
.Most  of  the  macaques  infected  with  the  vaccinia-SIV  envelope  recombinant  developed 
antibodies  reactive  with  the  SIV  envelope  protein.  Following  a  booster  infection  to  obtain 
maximum  antibody  titers,  the  animals  will  be  challenged  by  SIV     ^^  (homologous  strain 
challenge)  given  intravenously.  A  gag-pol  construct  is  currendy  being  prepared  in  the 
laboratory  of  Dr.  B.  Moss  (NIAID/LVD)  and  will  undergo  similar  evaluation.  One  of  our  main 
goals  is  to  express  each  gene  of  SIV  in  a  vaccinia  recombinant  and  to  assess  its 
immunogenicity  and  protective  efficacy  (Johnson,  Hirsch,  Purcell). 

The  ability  of  SIV  to  infect  human  cells  parallels  the  ability  of  the  envelope  protein  to 
induce  syncytia  in  these  cells.  The  presence  of  the  CD4  molecule  on  the  cell  surt'ace  is  not 
sufficient  to  mediate  the  entry  and  subsequent  replication  of  SIV  in  human  cells.  Experiments 
to  elucidate  the  mechanisms  of  these  observations  are  ongoing  (Johnson). 

Feline  T-lymphoiorophic  virus.  The  original  FTLV  isolate  was  kindly  provided  to  the 
laboratory  by  Drs.  N.  Pedersen  and  J.  Yamamoto  (U.C.  Davis).  The  virus  is  currentiy  being 
propagated  in  two  types  of  cells:   1)  feline  PBLs  that  are  IL-2  dependent,  and  2)  Crandell 
feline  kidney  cells  (CRFK,  ATCC  CCL  94),  an  adherent  cell  line  derived  from  the  conex  of 
the  kidney  of  a  12  week  old  domestic  cat.  The  fact  that  this  T-lymphotrophic  lentivirus  will 
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replicate  in  other  cells  (especially  adherent  cells)  make  this  an  attractive  model  system 
(Olmsted,  Johnson,  Purcell). 

As  with  the  SIV  system,  one  of  the  major  goals  of  the  program  is  to  obtain  disease- 
producing  infectious  molecular  clones.  Since  a  continuously  producing  cell  line  currently  is 
not  available,  this  task  will  be  more  difficult  for  FTLV.  One  of  the  main  problems  will  be 
obtaining  enough  viral  genome  to  generate  cDNA  clones  to  serve  as  probes  for  genomic 
libraries.  An  alternate  approach  will  be  to  identify  highly  conserved  sequences  among  other 
lentiviruses  (in  the  gag  or  pol  regions)  and  use  these  sequences  as  probes  under  reduced 
stringency.  In  the  future,  other  strains  of  FTLV  will  be  cloned  and  sequenced  to  gain 
knowledge  about  the  extent  and  importance  of  antigenic  variation  (Olmsted,  Purcell). 

Epidemiology  Section 

Rotaviruses  are  the  single  most  important  etiologic  agents  of  severe  diarrhea  in  infants 
and  young  children  in  developed  and  developing  countries.  Thus,  the  need  for  a  rotavirus 
vaccine  is  clear.  The  goal  of  such  a  vaccine  is  to  prevent  severe  rotavirus  diarrhea  during 
the  first  2  years  of  life  when  the  disease  is  most  serious. 

Live  attenuated  rotavirus  vaccine.  We  have  evaluated  an  animal  rotavirus,  rhesus  rotavirus 
(RRV)  as  a  vaccine  candidate.  RRV  has  not  been  recovered  under  natural  conditions  from 
infants  or  children  and  thus  does  not  appear  to  be  a  virus  of  the  human  heritage.  In 
addition,  the  genes  of  RRV  exhibit  significant  divergence  in  sequence  from  the  corresponding 
genes  of  the  loiown  human  rotavirus  serotypes.  Nonetheless,  this  virus  is  similar  to  human 
rotavirus  type  3  in  its  neutralizadon  specificity.  Furthermore  RRV  grows  efficiently  in  a 
senii-continuous  line  of  diploid  cells,  DBS-FRhL-2.  This  is  an  important  property  because 
advendtious  agents  often  contaminate  primary  monkey  kidney  cell  cultures.  In  addition,  RRV 
can  serve  as  a  parent  for  construction  of  rotavirus  reassortants  possessing  the  major 
neutralization  protein  (VP7)  of  one  of  the  other  3  human  rotavirus  serotypes.  Such 
reassortants  will  be  needed  in  a  multivalent  vaccine  since  the  RRV  does  not  provide  broad 
protection  against  other  human  rotavirus  serotypes  in  very  young  infants  (Kapikian,  Flores, 
Chanock). 

The  safety  and  antigenicity  of  orally  administered  RRV  was  evaluated  in  phase  I  studies 
initially  in  adults  and  subsequentiy  in  children  of  progressively  younger  age.  The  vaccine  was 
safe  and  antigenic  in  adults  and  older  children.  However,  in  some  younger  children  and 
infants,  it  induced  a  transient  febrile  response  and/or  mild  transient  loose  stools.  Analysis  of 
pre-vaccination  serum  neutralizing  antibody  titers  to  RRV  in  several  pediatric  populations, 
some  with  and  some  without  such  reactions,  suggested  that  the  reactions  were  related  to  the 
absence  of  pre-existing  serum  RRV  antibodies.  Thus,  it  appeared  tiiat  pre-existing  serum 
antibodies  modified  the  clinical  reaction  to  the  vaccine  without  significantiy  affecting  its 
immunogenicity.  It  should  be  noted  that  even  in  infants  lacking  serum  RRV  neutralizing 
antibodies,  RRV  was  markedly  restricted  in  its  replication  in  the  intestinal  tract.  Unlike 
human  rotaviruses,  RRV  was  rarely  shed  in  a  concentration  sufficient  to  be  detected  by 
ELIS  A.  Detection  of  RRV  in  the  stool  of  vaccinees  usually  required  isolation  of  virus  in 
tissue  culture  (Kapikian,  Flores). 

The  previous  observations  prompted  us  to  evaluate  vaccination  in  the  <6  month  age  group 
in  whom  tiie  potential  protective  effect  of  maternal  antibody  might  be  beneficial  in  preventing 
vaccine  reactions.  In  young  infants  a  10   pfu  dose  of  RRV  vaccine  was  not  significantly 
associated  with  diarrhea  defined  as  3  or  more  loose  stools  within  a  24  hour  period. 
Reactogenicity,  which  characteristically  consisted  of  low  grade,  self-limited  fever,  was 
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considered  by  parents,  physicians  and  investigators  to  be  an  acceptable  side  effect  of 
vaccination  and  was  not  viewed  as  a  basis  for  terminating  clinical  trials.   Finally,  in  recent 
placebo  controlled  phase  I  studies  in  neonates  in  Venezuela  and  Burma,  the  RRV  vaccine  did 
not  cause  reactions  but  it  was  shed  by  most  vaccinees  and  it  induced  a  satisfactory  antibody 
response.  The  failure  of  neonates  to  develop  reactions  is  consistent  with  our  interpretation 
that  maternally-derived  serum  antibodies  in  high  concentration  moderate  infection  so  as  to 
prevent  reactions  (Kapikian,  Rorcs). 

Variable  protective  efficacy  was  observed  in  the  6  trials  thus  far  completed.  Most 
promising  were  the  results  from  a  study  in  Caracas,  Venezuela.  In  this  study  in  which  151 
children  1-10  months  of  age  received  the  RRV  vaccine  and  the  same  number  received  a 
placebo,  thurty  episodes  of  rotavirus  diarrhea  were  detected  during  the  follow-up  period,  22  in 
the  placebo  group  and  8  in  the  vaccinees  for  a  vaccine  efficacy  rate  of  647o  (P.<01). 
Moreover,  among  76  vaccinees  and  75  controls,  1-4  months  of  age.  vaccine  efficacy  was  82To 
(P.<00n.  In  addition,  for  the  entire  study  group,  vaccine  efficacy  was  90%  (P.<.01)  for  severe 
rotavirus  diarrheal  episodes.  However,  in  the  Rochester  and  .\rizona  trials,  vaccine  efficacy 
was  nil.  Variable  efficacy  could  not  be  explained  by  vanable  immunogenicity  because  in  the 
Venezuela  and  Rochester' studies  seroresponse  rates  were  comparable.   In  the  Venezuela  study 
in  which  the  RRV  vaccine  was  highly  effective,  13  of  the  23  typeable  rotavirus  strains 
associated  with  diarrhea  were  serotype  3,  the  same  serotype  as  the  RRV  vaccine,  whereas  in 
the  Rochester  study  in  which  the  vaccine  failed  to  protect  against  illness,  29  of  30  rotavirus 
strains  associated  with  diarrhea  were  serotype  1,  while  none  were  serotype  3.  Thus,  it 
appears  that  serotype  specific  immunity  is  necessary  for  protection  against  rotavmjs  diarrhea 
in  the  <6  month  age  group.  It  should  be  noted  that  in  older  children,  the  RRV  vaccine 
appears  to  provide  heterotypic  protection  (in  studies  in  Sweden  and  Finland).  However,  this 
effect  may  be  due  to  previous  priming  by  natural  rotavirus  infection  followed  by  a  booster 
effect  induced  by  RRV  vaccination  (Flores.  Kapikian). 

Because  the  Jennerian  approach  employing  the  serotype  3  RRV  vaccine  failed  to  protect 
against  rotavirus  illness  in  young  infants  caused  by  heterotypic  strains,  we  are  also  pursuing  a 
modified  Jennerian  approach  in  an  attempt  to  achieve  the  needed  broad  protection.  Our 
modified  strategy  involves  adding  RRV  reassonants  with  serotype  1,  2  or  4  neutralization 
specificity  to  the  vaccine.  These  reassonants  were  recovered  from  the  progeny  of  cell 
cultures  coinfected  with  RRV  and  a  human  rotavirus  under  selective  pressure  of  antibody 
against  the  former.   RRV  serves  as  the  donor  of  attenuating  genes,  while  a  human  rotavirus 
of  serotype  1,  2  or  4  serves  as  the  donor  of  a  single  gene  which  codes  for  the  major  outer 
capsid  neutralization  protein,  VP7.   In  this  way,  single  gene  substitution  reassonants  were 
prepared  for  human  rotavirus  serotypes  1,  2,  and  4.  Each  has  10  RRV  genes  and  a  single 
human  rotavirus  gene  which  codes  for  the  major  neutralization  antigen,  VP7.   In  ongoing 
clinical  studies,  the  reassonants  appear  to  be  as  attenuated  and  antigenic  as  the  RRV  parent. 
Currently,  intensive  effons  are  underway  to  develop  a  quadrivalent  formulation  of  rotavirus 
vaccine  (with  the  VP7  of  each  of  the  4  epidemiologically  important  serotypes)  which  is  safe 
and  which  induces  antibody  to  each  component.  Analysis  of  neutralizing  antibody  responses 
indicates  that  the  RRV  VP3  protein  represents  the  major  component  against  which  recipients 
of  multivalent  vaccine  respond.  Effons  are  underway  to  increase  the  neutralizing  antibody 
response  to  the  serotype  1,  2  and  4  VP7  neutralization  antigens  present  in  the  reassonant 
viruses  by  adjusting  the  dose  of  the  individual  viruses  in  the  multivalent  formulation.  Once 
the  desired  formulation  is  achieved,  phase  II  trials  with  the  multivalent  vaccine  will  be 
initiated.  The  laboratory  suppon  for  many  of  the  phase  I  and  phase  II  trials  continues  to  be 
provided  by  the  Epidemiology  Section.  This  includes  examination  of  vaccinees  for  virus 
shedding,  serotype  analysis  of  rotaviruses  recovered  from  clinical  specimens  and  examination  of 
paired  sera  for  serologic  responses  to  rotavirus  (Flores,  Kapikian). 
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Rotavirus:  Molecular  genetics.  Recently  a  simple  dot  hybridization  assay  and  a  rapid 
sequencing  technique  were  developed  for  analysis  of  sequences  within  the  genome  of  rotavirus 
isolates  which  may  have  relevance  to  immunity  or  virulence.  In  this  context,  the  sequences  in 
the  VP7  gene  responsible  for  serotype  specificity  of  field  isolates  or  the  sequence  in  the  VP3 
gene  related  to  rotavirus  virulence  could  be  identified  and  related  to  the  particular  clinical 
and  epidemiological  features  of  the  infections  from  which  the  strains  were  recovered  (Flores). 

Previous  observations  on  the  genomic  heterogeneity  of  field  rotaviruses  differ  from  our 
recent  findings  of  a  high  degree  of  stability  observed  in  strains  derived  from  a  newborn 
nursery  in  Venezuela  where  nosocomial  transmission  of  asymptomatic  infection  occurs  under 
conditions  which  have  allowed  a  virus  to  persist  in  the  nursery  for  at  least  6  years  without 
significant  modification.  The  VP7  gene  of  18  strains  recovered  at  different  times  from  the 
same  nursery  over  a  five  year  period  was  sequenced  direcdy  from  virus  present  in  die  stool  of 
neonates.  Very  few  changes  in  sequence  were  detected  and  those  changes  that  occirrred  did 
not  alter  amino  acid  sequence  in  most  instances.  Thus,  the  rotavirus  genome  does  not 
undergo  genetic  drift  with  high  frequency  under  natural  conditions  of  spread.  This  is 
surprising  in  view  of  the  high  rate  of  spontaneous  mutation  of  rotaviruses  estimated  from  an 
analysis  of  neutralization  escape  mutants  selected  with  neutralizing  monoclonal  antibodies 
(Flores). 

Previously,  it  was  observed  that  virulent  and  naturally  attenuated  human  rotaviruses  of 
all  4  serotypes  exhibited  sequence  dimorphism  of  the  fourth  gene  which  codes  for  the  VPS 
outer  capsid  protein.  None  of  the  other  10  rotavirus  genes  exhibited  this  association  with 
virulence.  The  molecular  epidemiology  of  this  phenomenon  was  analyzed  further  by  studying 
virus  shed  by  newborn  babies  who  underwent  symptomatic  or  asymptomatic  infection  in 
Baltimore,  MD.,  Washington,  DC,  Israel,  Chile  and  Venezuela.  For  this  purpose  dot/blot 
hybridization  procedures  were  developed  that  permitted  differentiation  of  the  fourth  gene  of 
virulent  strains  from  that  of  asymptomatic  strains.  Thirty-seven  additional  rotavirus  strains 
recovered  from  a  hospital  newborn  nursery  in  which  nosocomial  transmission  of  asymptomatic 
rotavirus  infection  has  persisted  for  6  years  or  more  (Maternity  Hospital  "Concepcion 
Palacios")  as  well  as  25  specimens  collected  over  a  4  month  interval  from  a  newborn  nursery 
in  a  different  hospital  (Pediatric  Hospital  of  Caricuao)  in  Caracas  were  analyzed.  Each  of  the 
strains  from  these  two  nurseries  possessed  the  conserved  fourth  gene  which  had  previously 
been  associated  with  asymptomatic  infection  of  newborns.  However,  several  other  strains 
recovered  from  asymptomatic  newborn  babies  in  other  hospitals  of  the  US,  Israel  and  Chile 
were  found  to  possess  a  fourth  gene  related  to  that  of  virulent  human  rotaviruses.  The 
sporadic  occurrence  of  asymptomatic  rotavirus  infection  in  the  newborn  produced  by  a  strain 
possessing  the  conserved  VPS  sequence  of  virulent  strains  suggests  that  other  rotavirus  genes 
as  well  as  host  factors  also  play  an  important  role  in  expression  of  virulence  (Flores, 
Kapikian,  Chanock). 

Single  strand  cDNA  probes  prepared  by  priming  the  RNA  sequence  near  the 
hyperdivergent,  serotype- specific  regions  of  VP7  of  four  different  human  rotaviruses  serotypes 
have  allowed  us  to  identify  serotype  of  isolates  by  hybridization.  Over  80  field  strains  have 
been  "serotyped"  by  this  method  which  may  prove  useful  in  future  vaccine  trials  (Flores). 

Variations  in  sequence  of  the  major  neutralization  antigen.  VP7.  of  serotype  S  rotaviruses 
which  have  a  broad  host  range.  The  third  serotype  of  human  rotavirus  shares  neutralization 
specificity  with  rotaviruses  derived  from  monkeys,  dogs,  cats,  horses,  rabbits,  and  mice.  In 
addition,  viruses  of  this  serotype  include  strains  of  all  known  subgroup  specificities  (i.e.,  I,  II, 
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neither  I  nor  II.  both  I  and  II").  The  relationships  of  the  major  neutralization  protein.  VP7,  of 
the  various  serotype  3  strains  were  analyzed  by  testing  their  reactivity  with  VP7  monoclonal 
antibodies  (mAbs)  and  by  comparing  nucleotide  and  amino  acid  sequence.  This  analysis  was 
performed  in  an  attempt  to  clarify  antigenic  relationships  and  to  better  understand  the 
evolution  of  scrotN-pe  3  rotavirus  strains  which  have  established  an  extraordinarily  broad  host 
range.  The  deduced  amino  acid  sequences  indicate  an  overall  homology  of  more  than  85%  in 
the  VP7  protein.  Among  the  strains  derived  from  the  same  species,  an  even  higher  degree  of 
homology  was  obser\ed.  but  species  specific  regions  were  not  identified  (Nishikawa,  Gorziglia). 

Sequence  analvsis  of  the  second  rotavirus  neutralization  antigen,  outer  capsid  protein  VP3. 
The  VP3  genes  of  additional  rotavirus  strains  were  studied  by  sequence  analysis.  Surprisingly, 
the  VP3  protein  of  the  porcine  Gottfried  strain  is  closely  related  to  the  VP3  of  human 
asymptomatic  rotavirus  strains  in  various  ways  including:  (1)  nucleotide  sequence  and  (2) 
neutralization  by  hyperimmune  antisera  or  VP3  cross-reactive  neutralizing  monoclonal 
antibodies.  The  VP3  of  Gottfried  virus  has  two  cleavage  sites  which  are  located  in  the  same 
positions  as  in  the  human  strains.  Moreover,  5  of  the  6  amino  acids  of  the  connecting 
peptide  (located  between  the  2  cleavage  sites)  are  identical  to  those  present  in  the 
corresponding  site  of  asymptomatic  human  rotavirus  strains.  This  finding  suggests  that  the 
cleavage  site  is  not  related  to  virulence,  since  the  Gottfried  virus  induces  symptomatic 
infection  in  piglets.  However,  it  is  possible  that  the  determinants  of  virulence  differ  in 
humans  and  piglets  (Gorziglia.  Nishikawa). 

A  comparison  of  the  deduced  VP3  amino  acid  sequence  of  two  virulent  bovine  NCDV 
strains  and  an  attenuated  NCDV  vaccine  mutant  (RIT  4237).  revealed  only  five  amino  acid 
differences  which  were  scattered  throughout  the  protein  and  did  not  involve  the  trypsin 
cleavage  region.  One  of  the  virulent  strains  and  the  attenuated  strain  differed  in  only  one 
amino  acid  position  (residue  76)  suggesting  that  a  gene  or  a  series  of  genes  other  than  the 
VP3  gene  sustained  mutations  which  were  responsible  for  attenuation  of  the  RIT  NCDV  vaccine 
strain  (Nishikawa,  Gorziglia). 

Non- group  A  rotaviruses.  The  majority  of  human  rotavirus  isolates  share  a  common  group 
antigen  on  the  inner  of  the  two  capsid  shells.  These  viruses  are  now  known  as  Group  A 
rotaviruses.  The  rotavirus  vaccines  currently  in  clinical  trial  possess  the  Group  A  antigen.  In 
the  early  1980's  the  isolation  of  a  new  group  of  rotaviruses  associated  with  gastroenteritis  in 
humans  and  animals  was  reported.  These  viruses  were  morphologically  indistinguishable  from 
the  previously  described  Group  A  rotaviruses,  yet  they  did  not  possess  the  previously  defined 
group  antigen.  Analysis  of  the  vu-al  RNAs  of  these  viruses  by  gel  electrophoresis  revealed 
that,  like  Group  A  rotaviruses,  their  genome  contained  1 1  double-stranded  RNA  segments. 
However,  the  characteristic  tight  triplet  of  RNA  segments  7-8-9  seen  in  acrylamide  gels  was  in 
all  cases  reduced  to  a  doublet  with  the  displaced  RNA  segment  migrating  either  more  rapidly 
or  slowly,  depending  on  the  isolate.  Studies  by  Dr.  Malcolm  McCrae's  group  at  the  University 
of  Warwick  (Coventry,  United  Kingdom)  that  included  gel  electrophoresis  of  the  viral  genome, 
terminal  RNA  fingerprinting,  and  hybridization  analysis  demonstrated  that  non-group  A  viruses 
were  markedly  divergent  from  Group  A  rotaviruses. 

The  failure  of  non-group  A  rotaviruses  to  grow  in  tissue  culture  has  hampered  the 
development  of  reagents  for  epidemiological  studies.  Effons  are  underway  to:  (i)  develop  an 
immunoassay  for  detection  of  virus  antigen  and  seroresponses  to  these  viruses,  (ii)  isolate 
monoclonal  antibodies  specific  for  these  viruses,  (iii)  analyze  the  genome  of  non-group  A 
rotaviruses  by  recombinant  DNA  technology  and  (iiii)  adapt  non-group  A  rotaviruses  to  growth 
in  tissue  culture,  perhaps  by  gene  reassortment  with  cultivatable  non-group  A  viruses  when 
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these  are  identified.  A  bovine  Group  B  rotavirus  recently  obtained  from  Dr.  Linda  Saif  at 
Ohio  State  University  will  be  used  for  these  initial  studies  (Green,  Kapikian). 

Norwalk  virus  gastroenteritis  in  the  elderly.  Norwalk  virus,  which  was  initially  identified  and 
characterized  in  LID,  is  one  of  a  group  of  small,  noncultivatable,  27nm  viruses  which  are 
important  etiologic  agents  of  epidemic  gastroenteritis  in  older  children  and  adults.  Early 
epidemiologic  surveys  in  this  laboratory  using  a  solid  phase  RIA,  indicated  that  Norwalk  virus 
was  associated  with  34%  of  70  outbreaics  of  gastroenteritis  that  occurred  predominantly  in  the 
U.S.  and  developed  countries.  Norwalk  virus  has  been  associated  with  both  food  and  water- 
borne  epidemics.  In  the  U.S.,  Norwalk  virus  infection  does  not  occur  frequently  in  children 
less  than  3  years  of  age,  however,  seroepidemiological  studies  have  shown  that  antibodies  to 
Norwalk  or  antigenically  related  viruses  are  found  in  more  than  50%  of  adults  worldwide. 

The  development  of  a  biotin-avidin  immunoassay  for  detection  of  Norwalk  virus  antigen 
and  for  detection  of  seroresponses  to  the  virus  allowed  us  to  perform  an  extensive  survey  of 
gastroenteritis  outbreaks  in  Maryland  nursing  homes  for  the  elderly.  Serologic  studies  indicated 
that  Norwalk  virus  was  associated  with  gastroenteritis  in  approximately  one-fifth  of  the 
patients;  this  virus  was  the  single  most  important  agent  associated  with  these  outbreaks. 
Attempts  to  cultivate  Norwalk  virus  are  in  progress  employing  a  tissue  culture  system  which 
has  been  used  successfully  for  cultivation  of  a  porcine  calicivirus.  In  addition,  a  porcine 
calicivirus  has  recently  been  obtained  which  will  be  used  as  a  model  for  cloning  of  the 
Norwalk  virus  genome  (Green,  Kapikian). 

Respiratory  Viruses 

Respiratory  syncytial  virus  (RSV):  Analysis  of  viral  genome.  RSV  is  an  enveloped  RNA- 
containing  virus  that  is  the  most  imponant  cause  of  pediatric  viral  respiratory  tract  disease. 
The  genome  of  RSV  (vRNA)  is  a  single  negative  strand  of  RNA  of  approximately  15,000 
nucleotides.  Previously,  cDNAs  of  viral  mRNAs  of  RSV,  strain  A2,  were  cloned  and  sequenced. 
These  studies  indicated  that  RSV  encodes  ten  major  mRNAs  and  ten  major  viral  proteins. 
Complete  nucleotide  sequences  were  determined  for  9  of  the  10  genes  (excepting  only  the  L 
gene).  Sequence  analysis  of  intergenic  and  flanking  gene  sequences  established  the  viral  gene 
order  (3'  NS1(1C)-NS2(1B)-N-P-M-SH(1A)-G-F-M2(22K)-L)  as  well  as  the  sequences  of  the 
intergenic  regions.  Mapping  and  sequencing  of  the  5'  end  of  the  L  mRNA  showed  that  the  L 
gene  overlaps  with  its  upstream  neighbor,  the  M2  gene.  Two  regions  of  RSV  vRNA  remain  to 
be  sequenced.  One  region  is  the  3'  end  of  vRNA,  which  by  analogy  to  other  paramyxoviruses 
would  be  expected  to  have  50-55  additional  nucleotides  preceding  the  start  of  the  NS  1(1C) 
gene  and  would  contain  the  major  viral  promoter.  The  second  region  includes  the  L  gene  and 
the  adjoining  5'  end  of  vRNA.  The  L  gene  is  estimated  to  contain  6500  nucleotides,  and  by 
analogy  to  other  paramyxoviruses  this  would  be  followed  by  a  5'  trailer  region  of  5()-55 
nucleotides.  The  sequence  of  the  first  1010  nucleotides  of  the  L  gene  has  been  determined. 
Also,  a  2800  bp  cDNA  of  the  L  mRNA  is  currently  being  analyzed.  Preliminary  sequence 
information  indicates  diat  this  cDNA  does  not  contain  a  poly(A)  tail  indicative  of  the  3'  mRNA 
end,  nor  does  the  cDNA  overlap  with  the  1010-nucleotide  sequence  described  above.  This 
indicates  that  the  2800-bp  L  cDNA  represents  an  internal  segment  of  the  L  mRNA  (Collins, 
Spriggs,  Stec). 

A  long  term  goal  is  to  produce  infectious  RSV  from  a  full-length  cDNA  of  vRNA.  It  is 
thought,  by  analogy  to  other  paramyxoviruses,  that  the  minimum  structural  unit  sufficient  to 
initiate  productive  infection  is  the  nucleocapsid.  One  possible  approach  to  assembling  a 
nucleocapsid  from  cDNA  would  be  to  co-express  the  nucleocapsid  components  in  tissue  culture 
cells  using  recombinant  vaccinia  viruses.  For  example,  cells  could  be  coinfected  with 
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recombinant  vaccinia  viruses  that  express  vRNA  and  the  L.  N,  P  and  possible  other  RSV 
proteins.  Aliemativcly.  infectious  nucleocapsids  could  be  assembled  in  vitro  by  coupled 
transcription  and  translation  (Collins.  Siec). 

RSV  small  hvdrophobic  iSH')  protein:  A  newly  recognized  third  integral  membrane 
glvcoprotein.  Detailed  analysis  of  the  small  SH(  1  A)  protein  of  human  RSV  revealed  it  to  be  a 
third  integral  membrane  glycoprotein.  The  SH  protein  accumulates  intracellularly  as  four 
species:  two  species  (4.8K  and  7.2K)  are  unglycosylated  and  differ  in  length  because 
ffanslational  initiation  for  the  synthesis  of  the  4.8K  species  occurs  at  the  second  methionine 
in  the  sequence.  The  two  other  forms  (13-15K  and  21-30K)  contain  an  N-linked  carbohydrate 
side  chain.  The  13-15K  species  appear  to  be  convened  into  the  21-30K  form  by  post- 
translational  addition  of  polylactosamine  to  the  N-linked  side  chain.  All  forms  of  SH  are 
inscncd  into  intracellular  membranes  regardless  of  glycosylation  status,  and  all  forms  except 
4.8K  are  transponed  to  the  cell  surface.   Protein-mapping  studies,  including  analysis  by  anti- 
pcptidc  antisera  prepared  against  the  C-  or  N'-terminus  of  SH,  established  the  orientation  of 
SH  in  the  cell  membrane;  the  C-terminus  of  the  SH  protein  is  extracellular,  whereas,  the  N- 
terminus  is  cytoplasmic.  The  SH  protein  is  unusual  among  viral  glycoproteins  because  of  the 
multiplicity  of  intracellular  forms  and  because  a  large  subpopulation  of  SH  protein  remains 
unglycosylated  (Olmsted,  Collins). 

.Antigenic  fine  structure  of  RSV  fusion  of  glvcoprotein.  Eighteen  neutralizing  monoclonal 
antibodies  (NLAbs)  specific  for  the  fusion  (F)  glycoprotein  were  used  to  construct  operational, 
topologic,  and  functional  epitope  maps  of  this  viral  envelope  glycoprotein.  The  \L-\bs  detlned 
16  neutralization  epitopes  which  are  organized  into  three  non-overlapping  antigenic  sites 
(A,B,and  C)  and  one  bridge  site  ( AB).  Neutralization  and  fusion-inhibition  tests  of  the  VLAbs 
indicated  that  antigenic  sites  A.AB,and  C  correspond  to  functional  domains  of  the  F  protein 
which  are  contiguous  to  the  fusion  site,  whereas,  antigenic  site  B  does  not  appear  to  be 
located  in  close  proximity  to  the  fusion  site.  This  interpretation  is  supponed  by  two  additional 
observations.   First,  NlAb-resistant  mutants  selected  with  site  B  MAbs  produce  normal  sized 
plaques,  whereas,  those  selected  with  MAbs  that  bind  to  epitopes  in  sites  A  and  AB  produce 
pinpoint  plaques.  Second,  epitopes  in  antigenic  sites  A,AB,and  C  (which  correspond  to 
functional  domains)  were  less  variable  among  RSV  clinical  isolates  than  were  epitopes  in 
antigenic  site  B.  Sequence  analysis  of  the  F  genes  of  antibody-resistant  mutants  will  allow  us 
to  identify  amino  acid  residues  which:  (i)  are  involved  in  binding  neutralizing  antibodies  and 
(ii)  arc  in  close  proximity  to  the  fusion  site  (Coelingh,  Heeler). 

Antigenic  analyses  of  RSV  G  glycoprotein,  the  attachment  protein.  The  RSV  G  protein 
contains  298  amino  acids  (strain  A2).  is  anchored  in  the  membrane  by  a  hydrophobic,  N- 
proximal  domain,  and  contains  a  large  content  of  N-linked  and  0-linked  carbohydrate. 
Previously,  it  was  shown  that  truncated  forms  of  the  G  protein  (expressed  from  engineered 
cDNAs)  that  contained  only  the  N-terminal  230  (G-230).  1 80  (G- 1 80)  or  7 1  (G-7 1 )  amino  acids 
of  the  parental  protein  were  inscned  into  membrane,  glycosylated  and  transponed  to  the  cell 
surface.  This  indicated  that  most  of  the  ectodomain  was  not  required  for  these  activities. 
During  the  past  year,  vaccinia  virus  recombinants  that  express  individually  the  truncated  forms 
described  above  were  used  to  immunize  cotton  rats  in  parallel  with  vaccinia-G  (expressing  the 
parental  protein)  to  compare  their  capacity  to  induce  protein-binding  serum  antibodies,  RSV- 
neutralizing  scrum  antibodies,  and  resistance  to  RSV  infection.  G71  and  G180  were  neither 
immunogenic  nor  able  to  induce  resistance.  This  was  not  surprising  in  the  case  of  G71 
because  the  truncated  protein  lacks  most  of  the  G  ectodomain.  The  lack  of  immunogenicity  of 
G180  could  be  due  to  either:  (i)  the  removal  by  the  truncation  of  the  major  antigenic  sites  in 
the  G  protein,  or  (ii)  the  indirect  alteration  of  antigenic  sites  due  to  conformational  changes 
induced  by  the  truncation.  The  levels  of  serum  neutralizing  antibodies  and  resistance  to  RSV 
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infection  induced  by  G230  were  equal  to  or  greater  than  tiiose  observed  for  parental  G 
protein.  This  indicated  that  the  C-terminal  20%  of  the  G  protein  is  not  required  for  the 
induction  of  protective  immunity  (Collins,  Olmsted). 

RSV  immunoprophylaxis:  Obstacle  of  immunosuppression  by  maternal  antibodies.  Young 
infants,  who  universally  possess  maternally  derived  RSV  antibodies,  mount  a  relatively  poor 
antibody  response  to  RSV  glycoproteins  following  infection  despite  extensive  replication  of 
RSV.  Analysis  of  this  phenomenon  in  cotton  rats  revealed  that  cotton  rat  RSV  hyperimmune 
antiserum,  passively  transferred  to  animals  prior  to  intradermal  infection  with  vaccinia 
recombinant  viruses  expressing  the  RSV  envelope  glycoproteins,  suppressed  the  antibody 
response  to  the  RSV  glycoproteins  but  not  to  vaccinia  virus  antigens.  The  cotton  rats  which 
had  their  immune  response  suppressed  by  passively  transferred  antibodies  (that  were  equivalent 
in  titer  to  RSV  antibodies  present  in  the  serum  of  one  to  four  month  old  human  infants)  were 
more  susceptible  to  infection  with  RSV  than  animals  inoculated  with  control  serum  lacking 
RSV  antibodies.  Furthermore,  many  of  the  immunosuppressed  animals  infected  with  the 
vaccinia  recombinant  viruses  developed  antibodies  to  the  RSV  glycoproteins  which  had 
abnormally  low  neutralizing  activity.  Thus,  pre-existing  serum  RSV  antibodies  had  dramatic 
quantitative  and  qualitative  effects  on  the  immune  response  to  RSV  glycoproteins  that  may 
explain,  in  part,  the  poor  RSV  antibody  response  of  young  human  infants  to  infection  with 
RSV.  The  suppressive  effect  of  passively  administered  RSV  immune  serum  described  above 
could  be  largely  overcome  by  administering  recombinant  vaccinia-RSV  by  the  topical  intranasal 
route.  Also,  immunization  with  a  large  quantity  of  purified  F  glycoprotein  (5|ig  in  alum)  was 
able  to  overcome  immune  suppression  by  passive  antibodies.  Our  observations  suggest  that 
immunosuppression  by  pre-existing,  passively  acquired  RSV  antibodies  may  constitute  a  major 
obstacle  to  immunoprophylaxis  against  RSV  during  early  infancy  when  immunization  is  most 
needed  (Murphy,  Olmsted,  Collins,  Chanock). 

RSV  immunoprophylaxis:  Safety  and  efficacy  of  purified  F  and  G  glycoproteins.  It  was  shown 
previously  that  immunization  with  formalin-inactivated  RSV  potentiated  pulmonary  disease  in 
humans  or  cotton  rats  during  subsequent  infection  with  RSV.  Thus,  the  possibility  of  disease- 
potentiation  must  be  addressed  for  each  new  paramyxovirus  vaccine.  In  the  present  study,  the 
immunogenicity,  efficacy,  and  disease  potentiating  ability  of  a  purified  RSV  F  and  G 
glycoprotein  vaccine  and  a  formalin-inactivated  RSV  were  compared  over  a  wide  dosage  range. 
It  was  observed  that:   1)  the  purified  F  and  G  glycoprotein  vaccine  was  highly  immunogenic; 
2)  a  high  level  of  resistance  to  pulmonary  virus  replication  was  induced  even  in  instances  in 
which  relatively  low  levels  of  serum  neutralizing  antibodies  developed;  3)  the  purified  F  and  G 
vaccine  did  not  potentiate  disease  at  any  dose,  whereas  intermediate  doses  of  formalin- 
inactivated  RSV  vaccine  (but  not  high  or  low  doses)  potentiated  RSV  disease,  and  4)  both  the 
formalin- inactivated  RSV  and  purified  F  and  G  glycoprotein  vaccines  induced  a  high  level  of 
antibodies  capable  of  binding  to  purified  RSV  glycoproteins,  but  these  antibodies  exhibited  a 
significantiy  reduced  capacity  to  neutralize  infectivity  of  RSV.  These  results  are  encouraging 
because  they  suggest  that  purified  paramyxovirus  glycoproteins  might  be  used  safely  as  a 
vaccine.  However,  it  would  be  desirable  to  develop  a  glycoprotein  vaccine  that  induces 
antibodies  with  high  neutralizing  capacity  that  more  closely  approximate  the  antibody  response 
stimulated  by  natural  infection  (Murphy,  Prince). 

RSV  immunoprophylaxis:  Efficacy  of  vaccinia-RSV  G  and  F  recombinants  in  monkeys. 
Vaccinia  recombinant  viruses  containing  the  attachment  (G)  or  fusion  (F)  glycoprotein  of  RSV 
were  evaluated  for  protective  efficacy  in  owl  monkeys.  Previous  studies  in  a  variety  of  new 
and  old  world  monkeys  demonstrated  the  safety  and  immunogenicity  of  the  recombinants.  Owl 
monkeys  infected  intradermally  with  vaccinia-F  and  vaccinia-G  developed  a  high  titer  of  serum 
neutralizing  antibodies  which  exceeded  that  of  other  owl  monkeys  infected  with  RSV. 
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Resistance  of  vaccinia-F  and  vaccinia-G  immunized  monkeys  to  subsequent  challenge  with  RSV 
was  complete  in  the  lungs  and  almost  complete  in  the  upper  respiratory  tract.  These  results 
arc  encouraging  because  they  demonstrate  that  vaccmia  recombinant  viruses  administered 
intradermally  can  provide  a  high  level  ot  protection  for  primates  against  a  virus  that 
replicates  alrnost  exclusively  on  the  epithelial  surface  of  the  respiratory  tract  (Olmsted, 
Collins.  Murphy). 

The  vaccinia  recombinants  employed  in  these  studies  (as  well  as  similar  studies  of 
parainfluenza  type  3  virus  glycoproteins)  were  constructed  from  the  WR  strain  of  vaccinia 
which  is  a  highly  neurotropic  mutant,  clearly  not  suitable  for  use  in  humans.  Because  of  the 
encouraging  results  obtained  in  owl  monkeys  with  vaccinia-RSV  recombinants,  similar  vaccinia- 
RSV  recombinants  are  now  being  constructed  from  vaccinia  strains  which  have  a  long  history 
of  safe  use  in  humans.  The  new  recombinants  will  be  evaluated  in  clinical  trials  following 
demonstration  of  safety  and  efficacy  in  experimental  primates  (Collins.  Spriggs). 

Safety  of  vaccinia  recombinants.  Because  live  recombinant  vaccinia  viruses  might  cause 
disseminated  disease  and  extensive  local  lesions  in  immunocompromised  indivduals.  it  may  be 
necessary  to  funher  attenuate  vaccinia  without  adversely  affecting  its  immunogenicity  before 
It  can  be'considered  for  use  in  humans.  It  was  recendy  shown  by  Drs.  Flexner  and  Moss 
(LVD)  that  co-expression  of  lymphokine  IL-2  attenuates  vaccinia  recombinants  for  mice  and 
rabbits  without  significant  loss  of  immunogenicity.  In  studies  performed  in  collaboration  with 
Drs.  Flexner  and  Moss,  we  sought  to  determine  if  this  is  also  true  for  non-human  primates. 
The  observations  made  in  patas  and  rhesus  monkeys  indicate  that  co-expression  of  the  IL-2 
gene  by  a  vaccinia  virus  can  decrease  lesion  size  as  well  as  the  time  required  for  resolution 
of  the  lesion  without  significant  diminution  of  immunogenicity  (Murphy). 

Parainfluenza  type  3  virus  (PIV3):  Analysis  of  viral  genome  and  its  products.  Human 
parainfluenza  virus  type  3  (PIV3),  a  paramyxovirus,  is  second  in  imponance  only  to  RSV  as  a 
major  etiologic  agent  of  pediatric  viral  respiratory  tract  disease.   Previously,  PIV3  was  shown 
to  encode  six  structural  proteins:  the  HN  (69-70  Kdal)  and  F  (60-63  Kdal)  glycoproteins,  which 
constitute  the  virion  envelope  spikes;  the  M  protein  (35-40  Kdal)  which  underlies  the  lipid 
envelope;  and  the  NT  (66-68  Kdal),  P  (83-Ddal)  and  L  (200  Kdal)  proteins,  which  associate 
with  RNA  to  form  the  nucleocapsid.  PIV3  also  has  a  single  non-structural  protein  C  (22  Kdal) 
that  was  shown  to  be  encoded  by  a  second  open  reading  frame  in  the  P+C  mRNA. 

The  role  of  individual  PIV3  proteins  in  host  immunity  was  investigated  by  expressing  the 
cDNA  of  the  F,  HN  or  NP  mRNA  in  a  vaccinia  recombinant  virus.  Recombinants  expressing 
the  HN  or  F  protein  induced  high  levels  of  protective  immunity  in  rodents  and  nonhuman 
primates.  This  demonstrated  that  a  single  intradermal  inoculation  of  vaccinia-PIV3  F  and  HN 
can  induce  immunity  in  primates  against  a  virus  that  replicates  in  the  respiratory  tract.  This 
also  established  that  both  HN  and  F  are  imponant  neutralization  antigens,  and  demonstrated 
the  feasability  of  a  subunit  vaccine  for  PIV3.  In  a  continuation  of  this  work,  we  are 
constructing  analogous  recombinant  vaccinia  viruses  using  parental  vaccinia  strains  (Wyeth  and 
Lister)  that  are  suitable  for  use  in  humans.  Also,  recombinant  adenoviruses  that  will  express 
individually  the  HN  and  F  proteins  are  under  construction  (Spriggs.  Collins). 

PIV3  HN  surface  glycoprotein:  Synthesis  and  maturation.  The  intracellular  synthesis  and 
maturation  of  the  hemagglutinin-neuraminidase  (HN)  protein  was  investigated  by  the  expression 
of  cDNAs  that  had  been  engineered  to  encode  N-terminally  truncated  HN  proteins.  The 
truncated  HN  proteins  contained  progressively  larger  deletions  of  the  N-termimal  cytoplasmic 
and  transmembrane  domains.  Analysis  of  deletion  mutants  indicated  that  the  folding  of  the 
HN  ectodomain  into  a  biologically  active  and  conformationally  authentic  form  occurs  to 
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completion  in  the  rough  endoplasmic  reticulum.  However,  the  finding  that  two  biologically- 
active  HN  deledon  mutants  remained  localized  primarily  in  the  rough  endoplasmic  reticulum 
indicated  that  correct  folding  was  not  the  sole  prerequisite  for  movement  through  the 
exocytotic  pathway.  Finally,  the  glycosyladon  of  the  HN  protein  (which  contains  only  N- 
linked  sugars)  and  the  respiratory  syncytial  virus  G  protein  (which  contains  both  N-liriked  and 
0-linked  sugars)  was  compared.  By  cDNA  mutagenesis  and  expression,  chimeric  proteins  were 
expressed  that  consisted  of  the  N-terminial  cytoplasmic  and  membrane  domains  of  each  protein 
fused  to  the  ectodomain  of  the  other.  The  processing  and  maturation  of  each  ectodomain  was 
observed  to  be  independent  of  the  origin  of  the  cytoplasmic  and  membrane  domains.  Thus,  the 
signals  for  processing  and  maturation  reside  in  the  ectodomain  of  these  disparate  glycoproteins 
(Spriggs,  Collins). 

PIV3  HN  glycoprotein:  Structural  and  antigenic  characterization.  Baculovirus  recombinants 
expressing  the  human  PIV3  HN  protein  were  constructed  to  extend  our  previous  antigenic  and 
functional  characterization  of  the  HN  to  include  structural  analysis.  The  HN  protein  expressed 
by  the  initial  baculovirus  recombinants  were  shown  to  be  glycosylated,  biologically  active, 
immunogenic,  and  antigenically  authentic,  but  was  produced  in  relatively  small  quantities.  A 
second  generation  of  recombinants  was  constructed  which  express  HN  as  a  fusion  product. 
These  new  recombinants  achieve  a  level  of  expression  which  is  20-fold  higher  than  our  initial 
recombinants.  Recombinant  HN  protein  will  be  purified  prior  to  structural  analysis  by  x-ray 
crystallography  (Coelingh). 

PIV3  fusion  glycoprotein:  Antigenic  analysis.  To  extend  our  antigenic  and  functional  analysis 
of  the  PIV3  surface  glycoproteins,  monoclonal  antibodies  (MAbs)  were  produced  to  the  fusion 
(F)  glycoprotein.  These  MAbs  define  20  epitopes,  14  of  which  participate  in  neutralization. 
The  neutralization  epitopes  are  distributed  among  three  non-overlapping  antigenic  sites  (A,B, 
and  C)  and  one  bridge  site  (AB),  while  the  six  non-neutralization  epitopes  form  four  distinct 
antigenic  sites.  Analysis  of  the  biological,  activities  of  MAbs  indicated  that  antigenic  sites 
AB,B,  and  C  correspond  to  functional  domains  of  the  F  protein.  Antigenic  variants  have  been 
selected  using  neutralizing  and  fusion-inhibiting  MAbs,  and  sequence  analysis  of  these  variants 
and  of  naturally-occurring  clinical  PIV3  isolates  is  currently  in  progress.  These  studies  will 
identify  amino  acid  residues  involved  in  neutralization  by  antibodies  as  well  as  residues 
important  for  fusion  function  (Coelingh). 

Influenza  B  virus:  Evaluation  of  a  ca  reassortant  for  attenuation  and  efficacy.  Influenza  B 
virus  causes  significant  morbidity  in  infants  and  children  and  excess  mortality  in  the  elderly 
and  high  risk  persons  which  could  be  prevented  by  immunization.  Dr.  John  Maassab  at  the 
University  of  Michigan  School  of  Public  Health  has  developed  an  attenuated  cold  adapted  (ca) 
donor  virus  (influenza  B/Ann  Arbor/1/66)  by  serial  passage  of  virus  in  primary  chick  kidney 
tissue  at  25°C,  a  temperature  suboptimal  for  replication  of  wild  type  virus.  This  ca  virus  has 
sustained  attenuating  mutations  in  one  or  more  of  its  "internal  genes";  these  are  genes  that 
code  for  non-surface  proteins  and  hence  can  be  transferred  by  gene  reassortment  to  new 
variants  of  influenza  B  virus  that  arise  in  nature  and  pose  an  epidemic  threat.  The  attenuated 
ca  donor  virus  was  mated  with  a  virulent  wild  type  virus  (B/Texas/84)  and  a  reassortant  was 
isolated  that  derived  its  HA  and  NA  genes  from  the  wild  type  virus  and  the  remaining  six 
RNA  segments  ("internal  genes")  from  the  attenuated  donor  virus. 

The  ca  reassortant  influenza  B  virus  was  restricted  in  replication  in  the  upper  and  lower 
respiratory  tract  of  hamsters  and  chimpanzees  compared  to  its  wild  type  influenza  B  virus 
parent.  Isolates  of  the  influenza  B  ca  reassortant  recovered  after  up  to  15  days  of  replication 
in  immunosuppressed  hamsters  did  not  exhibit  instability  of  the  ts  or  attenuation  phenotype  as 
indicated  by  tests  performed  in  cell  culture  and  in  hamsters.  Our  observations  concerning 
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restriction  of  virus  replication  in  the  lower  respiratory  tract  of  animals,  as  well  as  phenotypic 
stability  and  immunogenicity  of  this  candidate  virus  vaccine  provides  a  basis  for  larger  scale 
studies  in  fully  susceptible  adults  as  well  as  infants  and  children.  Recently,  we  evaluated  the 
safety,  attenuation,  immunogencity.  infectivity.  and  efficacy  of  a  £a  B/Ann  Arbor/1/86 
reassonant  virus  in  seronegative  adult  volunteers.  The  reassonant  was:  (i)  restricted  in  its 
replication  in  these  susceptible  adults,  (ii)  satisfactorily  attenuated,  (iii)  immunogenic  and  (iiii) 
able  to  induce  resistance  to  illness  caused  by  wild  type  influenza  B  virus  (Snyder,  Murphy). 

Avian-human  (APT)  influenza  A  virus  reassonants:  Comparison  of  different  avian  influenza  A 
virus  donor  strains.  We  previously  demonstrated  that  live  influenza  .\  reassonant  viruses 
which  derive  their  genes  coding  for  surface  glycoproteins  from  a  human  wild-type  influenza  A 
H3N2  or  HlNl  virus  and  the  remaining  six  genes  from  the  avian  influenza 
.■\Atallard/NY/6750/78  (H2N2)  donor  virus  were  safe,  attenuated,  immunogenic,  and  efficacious 
in  seronegative  adults.  Two  other  avian  influenza  viruses.  A/Pintail/Albena/1 19/79  (H4N8)  and 
.•VMallardyAlbcna/88/76  {H3N2),  were  also  recently  evaluated  as  donors  of  attenuating  genes. 
.•\n  AH  reassonant  prepared  from  the  A/Pintail/79  virus  appeared  overattenuated.  whereas,  the 
.VMallard//Albena/76  donor  virus  yielded  an  AH  reassonant  which  was  as  attenuated  and  as 
immunogenic  over  a  broad  range  of  doses  as  a  comparable  A/Mailard/NY/78  reassonant  virus. 
Because  the  A/Mallard/Albena/76  donor  virus  did  not  appear  to  offer  a  demonstrable 
advantage,  future  effons  will  be  directed  toward  the  further  evaluation  of  reassonants  derived 
from  the  more  thoroughly  characterized  A/Mallard/NY/6750/78  donor  virus  (Snyder.  Murphy). 

.AH  Reassonant  viruses:  Stability  of  avian  influenza  A  virus  genes  that  play  a  major  role  in 
attenuation.  The  M  and  NP  genes  of  the  avian  influenza  A/Mallard/78  donor  virus  play  a 
major  role  in  attenuation  of  AH  influenza  reassonants  for  primates.  These  genes,  which 
exhibit  significant  sequence  divergence  from  the  conesponding  human  influenza  A  virus  genes, 
were  examined  for  stability  of  phenotype  and  genotype  by  subjecting  a  single  gene  reassonant 
virus,  which  contains  either  the  A/Mailard/78  virus  .M  or  NT  gene  in  combination  with  7  genes 
from  the  wild  type  human  influenza  A/Udom/72  (H3N2)  virus,  to  serial  passage  in  squirrel 
monkeys.   After  3  such  passages  neither  reassonant  exhibited  an  alteration  in  host  range 
restriction  for  primate  lung.  This  propeny  will  be  retested  after  several  additional  serial 
passages.  At  that  time  we  will  also  compare  the  nucleotide  and  deduced  amino  acid  sequences 
of  the  avian  influenza  M  and  NP  genes  of  the  input  and  serially  passaged  reassonants.  If  a 
change  in  phenotype  occurs,  this  analysis  may  allow  us  to  identify  the  sequences  responsible 
for  host  range  restriction  of  these  genes  in  primates.  In  any  case,  the  stress  of  serial 
passage  in  primate  lung  constitutes  the  most  stringent  test  for  phenotype  stability  that  we  can 
perform  at  this  time  (Snyder,  Murphy. 

Comparison  of  AH  and  ca  reassonant  influenza  A  viruses  in  fully  susceptible  infants  and 
young  children.  Previously  avian-human  (AH)  and  ca  reassonant  influenza  A  viruses  prepared 
from  the  same  HlNl  and  H3N2  wild  type  influenza  A  viruses  were  compared  in  side  by  side 
tests  in  seronegative  adult  volunteers.  The  two  types  of  reassonant  viruses  were  similar  with 
respect  to  safety,  attenuauon,  infectivity,  immunogenicity  and  protective  efficacy.  Neither 
form  of  rcassortant  virus  appeared  to  offer  an  advantage  over  the  other.  For  this  reason  we 
extended  our  analysis  of  these  reassortants  to  fully  susceptible  infants  and  young  children,  6 
to  48  months  of  age.  This  age  group  may  prove  to  be  the  population  in  which  live  influenza 
A  vuus  vaccines  are  most  useful  because  these  attenuated  viruses  are  most  infectious  for 
individuals  who  lack  prior  experience  with  influenza  A  viruses.  Reassonant  viruses  were 
denvcd  from  the  wild  type  human  influenza  A/Bethesda/1/85  (H3N2)  or  influenza 
A/Kawasaki/9/86  (HlNl)  virus.  The  ca  and  AH  reassonants  derived  from  the  same  wild  virus 
type  donor  were  similar  with  respect  to  attenuation,  immunogenicity,  infectivity  and  efficacy 
against  challenge  with  homologous  attenuated  virus.  Of  interest,  both  AH  and  £a  HlNl 
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reassortants  appeared  to  be  more  infectious  than  their  H3N2  counterparts.  A  single  infection 
induced  complete  resistance  to  subsequent  challenge  with  the  homologous  attenuated  virus. 
However,  55-60%  of  vaccinees  developed  a  significant  antibody  response  to  a  second  dose  of 
vaccine  (Snyder,  Murphy). 

ca  Reassortant  influenza  A  viruses:  Stability  of  attenuating  genes.  Attempts  are  underway  to 
isolate  phenotypic  revertants  of  previously  characterized  influenza  A  virus  reassortants  which 
derived  only  one  gene  from  the  influenza  A/Ann  Arbor/60  ca  donor  virus,  while  the  remaining 
7  genes  were  derived  from  a  wild  type  influenza  A  virus.  The  single  ca  gene  reassortants 
analyzed  were  those  containing  a  ca  gene  known  to  contribute  to  the  attenuation  of  vaccine 
candidate  ca  reassortants.  Each  of  four  ts"*"  revertants  of  a  single  gene  PB2  reassortant  virus 
also  regained  the  ability  to  replicate  in  the  lower  respiratory  tract  of  hamsters  indicating  that 
attenuation  specified  by  the  ca  PB2  gene  is  closely  linked  to  the  ts  phenotype.  Phenotypic 
revertants  of  single  gene  PB 1  and  M  reassortant  viruses  have  also  been  isolated  and  are 
currently  under  evaluation  (Treanor,  Snyder,  Murphy). 

Sequence  dimorphism  of  avian  influenza  A  virus  NS  gene:  Possible  application  to  development 
of  live  attenuated  virus  vaccines.  The  NS  gene  of  avian  influenza  A  viruses  exhibits  sequence 
dimorphism,  i.e.,  there  are  two  allelic  forms  of  the  NS  gene,  allele  A  or  allele  B.  One  of 
these  alleles  (A)  is  also  present  in  human  influenza  A  viruses,  while  the  other  avian  influenza 
A  virus  NS  allele  (B)  is  highly  divergent  from  the  corresponding  gene  of  the  human  influenza 
A  viruses.  The  NS  gene  B  allele  may  be  restricted  in  its  function  in  primate  cells  because  of 
its  marked  divergence  from  the  NS  gene  A  allele  of  human  influenza  A  viruses.  This 
possibility  is  now  being  examined  using  reassortant  viruses  which  contain  the  NS  gene  B  allele 
(of  avian  influenza  origin)  and  7  genes  derived  from  a  human  influenza  A  virus.  The  level  of 
replication  of  these  reassortant  viruses  in  squirrel  monkeys  will  be  compared  with  that  of  a 
human  wild  type  influenza  A  virus  to  determine  if  the  B  allele  specifies  host  range  restriction 
in  primate  respiratory  tissue  (Snyder,  Murphy). 


11-19 


HONORS  A\D  ADWARDS 

Rnhen  M.  Chanock 

Invited  speaker.  "Live  viral  vaccines  for  respiratory  and  enteric  tract  diseases"  Dept.  of 
Microbiology  and  Molecular  Genetics,  Harvard  Medical  School.  Nov  24.  1987. 

Invited  speaker,  "Epidemiology  of  respiratory  syncytial  viruses"  Children's  Hospital.  Harvard 
Medical  School,  Boston,  Mass.,  Nov.  25,  1987. 

Participated  in  annual  meeting  of  Board  of  Scientific  Governors  of  the  Research  Institute  of 
Scripps  Clinic,  La  JoUa,  CA,  Jan.  13.  1988. 

Program  chairman.  Wallace  Rowe  Founh  .Annual  NTAID  Symposium  on  Animal  Virology:  Viral 
pathogenesis,  Feb.  1-2,  1988. 

Participated  in  planning  meeting  at  Rockefeller  Univ.,  NY,  Mar.  16,  1988  which  was  held  to 
establish  agenda  for  second  bilateral  meeting  of  Delegations  of  Soviet  National  Academy 
of  Sciences  and  U.S.  National  Academy  of  Sciences.  Topic:  Prevention  of  Use  of 
Biological  Weapons. 

Invited  speaker.  Centennial  Celebration  of  American  Pediatric  Society,  May  3,  1988.  Presented 
lecture  "Control  of  pediatric  viral  diseases:  past  successes  and  future  prospects." 

Member  of  delegadon  of  U.S.  National  Academy  of  Sciences.  Committee  on  International 
Security  and  Arms  Control,  Subcommittee  on  Biological  Weapons,  which  met  with 
delegation  of  the  Academy  of  Sciences  of  the  U.S.S.R.  to  discuss  Prevention  of  Use  of 
Biological  Weapons,  May  9,  1988,  Washington,  D.C. 

Participated  in  business  meeting  of  Section  on  Medical  Microbiology  and  Immunology,  National 
Academy  of  Sciences,  April  25,  1988. 

Alben  Z.  Kapikian 

Invited  to  be  chairman  of  session  on  "Virology  I"  on  September  10,  1987,  at 

Cold  Spring  Harbor  Laboratory  Conference  on  "Modem  Appraches  to  New  Vaccines 
Including  Ptcvcntion  of  AIDS,"  Cold  Spring  Harbor,  New  York. 

Invited  as  Temporary  Adviser  to  the  4th  Meeting  of  the  Scientific  Working 

Group  on  Immunology,  Microbiology  and  Vaccine  Development  of  the  Diarrheal  Diseases 
Control  Program  of  the  World  Health  Organization,  September  22-25,  1987  in  Geneva, 
Switzerland.  Dr.  Kapikian  is  a  member  of  this  Scientific  Working  Group. 

Invited  speaker  at  Symposium  of  Joint  Immunology  Boards  and  Viral  Diseases 

Panels  of  U.S.  -  Japan  Cooperative  Medical  Sciences  Program,  December  2,  1987  in 
Monterey,  California.  I*resentation  on  "Viral  Gastroenteritis." 

Co-chaurman  (with  Dr.  Konno)  of  Viral  Gastroenteritis  session  on  December  3,  1987  of 
Scientific  Program  of  U.S.  -  Japan  Cooperative  Medical  Sciences  Program  Working 
Conference  on  Viral  Diseases,  December  3-4,  1987  in  Monterey,  California. 
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Invited  speaker  at  NIAID  Planning  Session  with  the  Director,  NIH.  Presentation  on  Develop- 
ment of  a  Rotavirus  Vaccine,  January  11,  1988,  Building  1,  NIH,  Bethesda,  Maryland. 

Invited  as  temporary  adviser  to  the  Fifth  Meeting  of  the  Sciendfic  Working 

Group  oh  Immunology,  Microbiology  and  Vaccine  Development  of  the  Diarrheal  Diseases 
Control  Program  of  the  World  Health  Organization,  March  1-4,  1988  in  Geneva, 
Switzerland.  Dr.  Kapikian  is  a  member  of  the  Scientific  Working  Group. 

Invited  speaker  at  Oral  Immunization  Symposium  in  Birmingham,  Alabama,  March  21-22,  1988. 
Presentation  on  immunity  to  rotaviruses  on  March  21,  1988  (with  Dr.  Edelman). 

Invited  speaker  at  Frontiers  in  Infectious  Diseases  Symposium,  "Viral  chemotherapy,  vaccines 
and  interactions  with  the  host  immune  system,"  April  24-26,  1988  in  Brocket  Hall  (London 
suburb),  England.  Presentation  on  Rotavirus  in  session  on  New  Viral  Vaccines,  April  26, 
1988. 

Invited, speaker  at  International  Symposium  on  the  Immune  Response  to  Viral  Infections,  April 
28-29,  1988,  in  Florence,  Italy.  Presentation  on  "Strategies  for  the  development  of  a 
rotavirus  vaccine  against  infantile  diarrhea  with  an  update  on  clinical  trials  of  rotavirus 
vaccinies"  on  April  28,  1988. 

Invited  to  be  co-chairman  of  session  on  Acute  Viral  Invections  on  April  28,  1988  at  Interna- 
tional Symposium  on  "The  Immune  Response  to  Viral  Infections,"  April  28-29,  1988  in 
Florence,  Italy. 

Invited  speaker  at  seminar  "Oral  Vaccines,"  American  Society  for  Microbiology  Annual  Meeting, 
May  8-13,  1988,  in  Miami,  Florida.  Presentation  on  Rotavirus  Vaccines,  May  9,  1988. 

Invited  as  Temporary  adviser  to  World  Health  Organization  Diarrheal  Disease  Control  Program 
to  make  site  visit  to  Dept.  of  Medical  Research,  Ministry  of  Health,  Rangoon,  Burma, 
May  30- June  2,  1988  to  review  plans  for  a  field  trial  of  rotavirus  vaccine  among  newborn 
infants. 

Invited  (while  in  Rangoon)  to  give  lecture  on  viral  gastroenteritis  at  Dept.  of  Medical 
Research,  Ministry  of  Health,  Rangoon,  Burma,  June  1,  1988. 

Invited  as  temporary  adviser  to  World  Health  Organization  Diarrheal  Diseases  Control  Program 
to  make  site  visit  to  Vaccine  Trial  Center,  Mahedol  University,  Bangkok,  Thailand  to 
discuss  rotavirus  vaccine  study  in  infants,  June  3,  1988. 

Robert  H.  Purcell 

Invited  speaker.  Workshop  on  Hepadnavinis  Animal  Models,  Bethesda,  MD,  Sept.  21-22,  1987. 

Invited  speaker,  Symposium  on  Australia  Antigen  and  AIDS.  Castro-Caro,  Italy,  Sept.  29-30, 
1987. 

Invited  speaker.  Third  annual  Conference  on  Military  Medicine,  Bethesda,  MD,  Oct.  26-27, 
1987. 

Invited  participant.  Technical  Advisory  Group,  Geneva,  Switzerland,  Nov.  2-5,  1987. 

11-21 


Invited  speaker.  Scientific  meeting  on  Control  of  Hepatitis  B  Infections  in  Infants  and 
Children.  Whakatane.  N.Z..  Nov.  12-13.  1987. 

Invited  speaker,  Symposium  on  Control  of  hepatitis  B,  Hamilton,  .N.Z.,  .Nov.  17.  1987. 

Invited  speaker.  Wallace  Rowe  Fourth  Annual  NIAID  Symposium.  Bethesda.  MD,  Feb.  1-2,  1988. 

Invited  speaker  and  member  of  panel.  U.S. -Japan  Bilateral  Science  Agreement,  Panel  on 
Hepatitis,  LaJolla.  CA.  .Mar.  16-17,  1988. 

Invited  participant,  Svmposium  on  Tranfusion  Associated  Infections  and  Immune  Response,  Mar. 
20-22,  1988. 

Invited  speaker  and  member  of  Advisory  Group,  Stanford  Medical  School,  Palo  .-Mto,  C.-\, 
March  23,  1988. 

Invited  speaker.  Grand  Rounds.  NIH,  Bethesda,  MD,  iVIar.  30.  1988. 

Invited  speaker.  Grand  Rounds,  NIH,  Bethesda,  MD.  June  1,  1988. 

Invited  participant.  USPHS  meeting  on  AIDS.  Charlottesville,  VA,  June  2-3,  1988. 

Invited  participant.  Symposium  on  Liver  Cell  Cancer,  Freiburg,  Germany,  June  5-8,  1988. 

Elected  to  the  U.S.  National  Academy  of  Sciences,  1988. 

Brian  R.  Murphv 

Invited  speaker.  Orthomyxovirus  Symposium  held  at  VII  International  Congress  of  Virology, 
Edmonton,  Canada.  August  1987. 

Invited  to  chair  workshop,  "Respirator/  Viruses",  Duke  University  Medical  Center,  Durham,  NC, 
Feb.  13,  1988. 

Invited  speaker  at  the  "Oral  Immunization  Symposium"  Birmingham.  Ala..  Mar.  21,  1988. 

Invited  speaker,  Stanford  University's  lecture  series  on  "Molecular  and  Genetic  Medicine  - 
Molecular  Responses  to  Virus  Infection",  May  2,  1988. 

Recipient  of  United  States  Public  Health  Service  Outstanding  Service  Medal,  June  6,  1988. 

Ching-Juh  Lai 

Invited  speaker.  Bureau  of  Biologies,  FDA,  Bethesda,  MD.  Feb.  22.  1988. 

Invited  speaker.  Contractors  Meeting  for  Ravivirus  Research.  Walter  Reed  Army  Institute  of 
Research.  Washington.  DC.  Mar.  1,  1988. 

Invited  speaker.  Bureau  of  Disease  Control,  Department  of  Health,  The  Executive  Yuan, 
Taiwan,  June  5- 1 3.  1988. 

Invited  speaker,  American  Society  of  Virology  meeting,  Austin,  TX,  June  12-16,  1988. 
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Invited  speaker,  U.S. -Japan  Joint  Viral  Diseases  Conference,  Tokyo,  Japan,  July  18-20,  1988. 

Invited  speaker,  Modem  Approaches  to  New  Vaccines  meeting,  Cold  Spring  Harbor  Laboratory, 
New  York,  Sept.  14-18,  1988. 

Michael  Bray 

Invited  speaker,  Contractors  Meeting  for  Flavivirus  Research,  WRAIR,  Washington,  D.C., 
March  1,  1988. 

Invited  speaker,  meeting  of  Modem  Approaches  to  New  Vaccines,  Cold  Spring  Harbor 
Laboratory,  New  York,  Sept.  14,  1988. 

Suzanne  U.  Emerson 

Invited  speaker,  "In  vitro  analyses  of  vesicular  stomatitis  virus  RNA  synthesis"  Laboratory  of 
Biochemical  Pharmacology,  National  Institute  of  Diabetes  and  Digestive  and  Kidney 
Diseases,  Feb.  1988. 

Invited  speaker,  Conference  on  Hepatitis  A  Virus  and  HAV  Vaccine  Development,  WRAIR, 
Washington,  D.C.,  "Growth  in  cell  culture  of  HAV  from  infectious  cDNA",  March  1988. 

Invited  speaker,  Wagner  Symposium,  Charlottesville,  VA,  "Constmcting  a  hepatitis  A  virus  that 
can  be  studied".  May  1988. 

Stephen  M.  Feinstone 

Invited  to  deliver  seminar,  Cetus  Corp.,  May  3,  1988.  "Hepatitis  A  virus." 

Jorge  Rores 

Poster  presentation  at  American  Society  of  Virology,  June  1988. 

Invited  speaker,  Japan  Viral  Diseases  Conference,  Tokyo,  Japan,  July  18-20,  1988. 

Presentations:  Molecular  epidemiology  of  the  rotavirus  gene  4;  A  dot  hybridization  using 
amplified  DNA  probes  for  rotavirus  serotyping. 

International  Virology  Meeting,  Edmonton,  Canada,  August  1988.  Poster  presentation:  Clinical 
trials  with  the  rhesus  rotavirus  vaccine  and  its  reassortants. 

"Luis  Razzetti  Honorable  Mention"  from  the  Venezuelan  Medical  Federation  for  work  on: 

Antigenicity  and  reactogenicity  of  the  rhesus  rotavirus  vaccine  MMU  18006  in  Venezuelan 
newborn  infants.  Caracas,  Venezuela,  March  1988. 

Invited  speaker.  Third  NIH  Rotavirus  Workshop,  NTH,  Bethesda,  MD,  Sept.  8-9,  1988.  Presen- 
tations: NIH  reassortant  vaccine  trials;  Use  of  nursery  strains  as  potential  rotavims 
vaccines;  DNA  probes  for  serotyping  rotavirus  in  stool. 

Mario  Gorziglia 

Presentation  American  Society  of  Virology  meeting,  June  1988. 
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Invited  speaker.  Contractors  Meeting  on  Dengue  Vaccine  Development.  W  RAIR,  Washington. 

D.C..  March  1988. 
Invited  speaker,  American  Society  for  Virology,  Austin,  TX,  June  1988. 

PHS  Outstanding  Achievement  Award,  June  1988. 

Roger  H.  Miller 

Invited  speaker,  "Evolutionary  relatedness  of  hepatitis  B  virus  and  retroviruses"  Albert  Einstein 
College  of  Medicine  of  Yeshiva  Univ.,  New  York,  Jan.  13,  1988. 

Invited  to  give  seminar  "X  region  specific  transcript  in  woodchuck  hepatitis  virus  infected 
liver"  Fox  Chase  Cancer  Center,  Phila..  PA,  July  21,  1988. 

Kazuo  Nishikawa 

Presentation  at  American  Society  of  Virology  meeting,  June  1988. 

Mark  H.  Snvder 

Invited  to  participate  and  present  "Influenza  an  update"  Georgetown  University  School  of 
Medicine.  Feb.  9,  1988. 

Invited  to  present  lecture.  Division  of  Infectious  Diseases,  Albany  Medical  College,  Albany,  NY, 
April  25.  1988.  "Genetic  basis  of  attenuation  of  live  influenza  A  virus  vaccines". 
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The  hepatitis  A  virus  (HAV)  is  a  picomavirus  that  was  isolated  in  cell  culture  for  the  first 
time  in  1979.  We  have  succeeded  in  isolating  virus  directly  from  human  clinical  materials  without 
the  intervening  serial  passage  in  marmoset  monkeys  that  was  necessary  for  the  initial  isolation  in 
cell  culture.  Cell  culture-adapted  HAV  was  thrice  cloned  by  terminal  dilution.  Since  the  virus  is 
largely  cell-associated  and  generally  is  not  cytopathic  in  cell  culture,  cloning  was  achieved  by 
terminal  dilution  and  radioimmunoassay.  The  objective  of  this  project  is  to  develop  a  live 
attenuated  hepatitis  A  vaccine  suitable  for  administration  to  high-risk  populations  in  the  United 
States  and  abroad.  Our  strategy  involves  comparison  of  the  response  of  susceptible  primates 
(chimpanzees  and  marmosets)  to  wild  type  HAV  and  to  tissue  culture  adapted  mutants  of  HAV. 
Attenuation  of  HAV  occurs  rapidly  during  serial  passage  in  cell  culture  and,  initially,  the 
appropriate  degree  of  attenuation  must  be  determined  by  trial  and  error.  Because  primary  African 
green  monkey  kidney  cells  that  are  free  of  contamination  with  latent  viruses  are  difficult  to 
obtain,  and  because  of  the  recent  finding  of  AIDS-like  retroviruses  in  African  green  monkeys,  we 
have  elected  to  adapt  the  attenuated  HAV  to  MRC-5  cells,  a  semi-continuous  cell  type  that  is  also 
licensed  for  vaccine  development.  Adaptation  and  recloning  of  the  virus  have  been  achieved  and 
retesting  of  the  virus  in  primates  is  in  progress.  The  MRC-5  adapted  virus  was  completely 
attenuated  for  chimpanzees  and  marmosets  when  inoculated  i.v.  at  a  dose  of  10°  TCID^q.  Plans 
are  underway  to  begin  clinical  testing  in  volunteers  in  collaboration  with  the  Army  (WRAIR). 


PHS  6040  (Rev.  1/84)  gpo  ai4-«ia 

11-25 


PROJECT  NUMBER 
DEPARTMENT  OF  HEALTH  ANO  HUMAN  SERVICES  -  PUBLIC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT  ZQl  AI  00309-07  LID 


PEPOO  COVERED 


Ociober  1.  1987  to  .Sgptgmher  30.  19S.S 


Title  Of  PROJECT  ,ao  nw^cfry  ai  mxi    ^<m  mult  ttt  on  on*  an*  Mrurcwi  rne  ootMr]  ) 


Hepatitis  A  Vims 


PfVMCIPAL  INVESTIGATOR  iLof  otn*'  ontttinnm  otnonni  Otiow  rn«  Pnncioal  invtstigaior  i  (Nam*   rirw   iu>orn(yy  tna  'nuitun  tlfuiationi 

PI:             Stephen  M.  Fcinstone.  M.D.  Medical  Officer  LID.  MAID 

Others:      Suzanne  U.  Emerson,  Ph.D.  Microbiologist  LID,  NIAID 

Czeslaw  Wychowski.  Ph.D.  Visit.  Assoc.  LID,  NIAID 

Edward  Co.x  Guest  Researcher  LID,  MAID 

Patricia  Shields  Guest  Researcher  LID,  MAID 

Robcn  Purcell,  M.D.  Head.  HV  Section  LID,  MAID 


COORERATiMG  UNITS   ''  »nyi 

Johns  Hopkins  Medical  School  (Karron);  Harvard  Medical  School  (Cohen):  LIG. 
MAID  (Maloy);  Research  Institute  of  Scripps  Clinic,  LaJolla,  CA  (Lemer);  Univ.  of  N.C.  (Lemon) 


LAS' BRANCH 


Laboratory  of  Infectious  Diseases 


SECTION 


Hepatitis  Viruses  Section 


INSTITUTE  AND  LOCATION 

MAID.  MH.  Bechesda.  MD  20892 


TOTAL  MAN-YEARS  PROFESSIONAL  !  OTHER 

1.2      I 0.7  ! QA. 


CHECK  APPROPRIATE  30X(ES) 

C   (a)  Human  subjects  ZI   (b)  Human  tissues  S   (c)  Neither 

H    (al)  Minors 
Z   (a2)  Interviews 


Summary  op  work  rus«  sitnOMra  urvaucto  lyp*  Oo  nor  »Mc»»d  rn«  space  provioaa  i 

Antibodies  to  hepatitis  A  capsid  proteins  have  been  produced  against  purified,  SDS-disrupted 
whole  virions.   In  addition.  Dr.  Lee  Maloy  has  prepared  antibodies  against  a  synthetic  peptide 
representing  the  entire  predicted  23  amino  acids  of  VP4,  and  the  carboxy  terminus  of  VP2.   Dr. 
Richard  Lemer  has  prepared  antibodies  against  a  set  of  peptides  spanning  the  entire  predicted 
sequence  of  VPl.  These  antibodies  were  studied  by  immunoprecipitation  and  western  blot  analysis 
of  the  viral  structural  peptides.  Because  the  predicted  size  for  the  capsid  protein  VP4  is  only  23 
amino  acids  (about  l/3rd  the  size  of  most  picomavirus  VP4's)  we  first  questioned  whether  the 
cleavage  of  VPO  into  VP2  and  VP4  actually  occurs.  The  antibody  to  VP4  specifically  recognized  a 
larger  peptide  in  the  25  to  30  kDa  range  which  is  presumably  VPO  (VP4  plus  VP2).  We  could  not 
identify  a  viral  VP4  band  in  these  western  blots  but  the  sensitivity  of  the  test  for  synthetic  VP4 
was  very  low  (approximately  1  |ig  of  peptide).  An  antibody  to  a  synthetic  peptide  representing  the 
carboxy  terminus  of  the  capsid  protein  VP2  recognized  2  closely  spaced  bands  (VPO  and  VP2)  on 
western  blots.  Thus,  it  appears  that  cleavage  of  VPO  to  yield  VP2  and  VP4  does  occur  but  it  is 
possible  that  the  very  small  VP4  is  lost  from  the  mature  virion. 

We  have  produced  HAV  "epitope  libraries"  in  the  expression  vector  lambda  gt  1 1.  A  fragment 
of  HAV  cDNA  representing  the  entire  capsid  coding  region  was  isolated.   Random  fragments  of 
this  DNA  were  produced  by  limited  DNase  digestion  and  these  fragments  were  cloned  into  lambda 
gt  1 1.  These  libraries  were  screened  by  neutralizing  monoclonal  antibodies,  but  specific  clones 
were  not  identified.  These  results  suggest  that  the  epitopes  recognized  by  these  antibodies  are 
discontinuous  or  conformational  and  a  different  approach  will  be  required  to  identify  them. 
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In  1980  we  described  a  new  form  of  viral  hepatitis  caused  by  a  previously  unrecognized 
hepatitis  virus  with  epidemiologic  characteristics  of  HAV  (i.e.,  the  virus  is  fecal-orally  transmitted, 
produces  water-borne  epidemics  and  is  probably  responsible  for  a  significant  proportion  of  endemic 
hepatitis)  but  not  related  to  HAV.  The  disease  has  been  called  epidemic  or  enterically  transmitted 
non-A,  non-B  hepatitis  (ENANB).  Such  hepatitis  is  both  epidemic  and  endemic  throughout  the 
Indian  subcontinent,  central  Asia,  parts  of  the  Middle  East  and  northern  Africa,  with  probable 
extension  to  West  Africa.  The  putative  etiologic  agent,  a  27-30nm  nonenveloped  virus,  was 
identified  in  a  volunteer  study  in  1983  and  similar  virus-like  particles  have  been  detected  in  feces 
of  cases  in  a  number  of  other  outbreaks.  The  small  quantity  of  such  virus-like  particles  available 
for  study  has  limited  progress. 

The  objectives  of  this  study  are  to  identify  and  characterize  the  etiologic  agent  of  ENANB 
hepatitis  and  to  develop  useful  assays  for  diagnosis  of  infection  and  seroepidemiologic  studies.  A 
longer  term  objective  is  the  development  of  passive  and  active  immunoprophylaxis  for  this 
important  human  pathogen. 

The  identification  of  an  acute  phase  stool  sample  that  contains  marginally  sufficient  virus- 
like  particles  for  use  as  an  antigen  in  immune  electronmicroscopic  studies  of  ENANB  has  permitted 
limited  cross- serologic  studies  of  paired  sera  obtained  from  epidemic  and  endemic  disease  in 
regions  where  the  virus  is  prevalent.  From  these  studies  we  conclude  that  ENANB  hepatitis 
occurring  throughout  India,  in  Pakistan,  southern  Russia  and  Algeria  is  all  caused  by  serologically 
related  or  identical  viruses.  Chimpanzees  inoculated  with  stools  containing  virus-like  particles 
from  the  outbreaks  developed  hepatitis  and  seroconverted,  thus  proving  transmissibility  to  a  non- 
human  primate  species. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

The  woodchuck  hepatitis  virus  (WHV)  is  taxonomically  and  serologically  related  to  the 
hepatitis  B  virus  (HBV).  Infection  with  each  of  these  viruses  is  associated  with  acute  and  chronic 
hepatitis  and  hepatic  cell  carcinoma  in  their  respective  hosts;  these  associations  appear  to  be 
etiological  in  nature.  Thus,  the  WHV/woodchuck  system  provides  a  relevant  and  convenient  model 
for  understanding  HBV  infections  of  humans.  The  following  experiments  were  successfully 
completed:  (1)  Tests  specific  for  the  WHV  antigen-antibody  systems  were  developed.  (2) 
Recombinant  WHV  DNA  was  transfected  into  the  liver  of  susceptible  woodchucks  and  acute  and 
chronic  WHV  infections  produced.  (3)  Genetically  altered  WHV  genomes,  with  mutations  in  the 
virus  X  gene  sequence,  were  constructed  by  recombinant  DNA  techniques.  Mutant  virus  genomes 
were  non-infectious  in  woodchucks,  which  implied  that  these  X  gene  sequences  were  essential  for 
virus  replication.  (4)  Supercoiled  WHV,  from  the  nucleus  of  infected  liver  cells,  was  successfully 
cloned  and  the  complete  nucleotide  sequence  determined.  The  sequence  of  this  replicative 
intermediate  is  identical  to  that  of  the  partially  double  stranded  WHV  genome  found  in  virions. 
(5)  The  complete  nucleotide  sequence  of  three  additional  WHV  genomes  was  determined.  It 
appears  that  virus  subtypes  of  WHV  are  evolving,  analogous  to  the  surface  antigen  subtypes  of 
HBV.  (6)  The  in  vivo  fidelity  of  the  WlfVjjolymerase  was  determined.  The  mutation  rate  for 
WHV  replication  was  found  to  be  <2  X  10"^  changes  per  genome  per  year,  which  is  lower  than  the 
mutation  rate  of  retroviruses  and  other  single  strand  RNA  viruses.  (7)  Two  transcripts  specific 
for  the  X  gene  region  of  the  WHV  genome  were  discovered.  One  transcript,  0.65  kb  in  length, 
was  localized  to  the  nucleus  of  infected  liver  cells,  and  found  to  lack  a  poly(A)  tail  at  its  3'  end. 
The  second  transcript,  0.80  kb  in  length,  was  shown  to  be  the  poly-adenylated  version  of  the  0.65 
kb  transcript. 


PHS  6040  (Rev.  1/84) 


11-29 


SPO  SI4-SIS 


DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  •  PUBLIC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  AI  00316-06  LID 
TERMINATED 


I  PEWOO  COVERED 


Ociober  1.  1987  to  September  30.  1988 


TiT^  Of  PROJECT    to  cftvct»rt  Of  «U    T,nt  must  'K  on  ont  wi«  0»t»*»n  mt  OortMn  I 


The  Delta  Agent 


PRINCIPAL  INVESTIGATOR  lUtl  omar  onluuKnai  ptnomti  e^tow  m*  Prmaov  inytstigaior  I  iNamt  tiM.  laoortiory  tna  msiiiuf  amiittioni 

PL  Roben  H.  Purcell.  M.D.  Head.  HV  Section  LID,  NIAID 


COOPERATINC  UNITS  (ll  anyi 

Georgetown  U.,  Washington,  DC  (Gerin);  CDC,  Phoenix,  Ariz.  (Hadler); 
Sinai  Hospital.  NYC  (Popper);  Chiba  U.,  Chiba  City,  Japan  (Omata);  U.  Washington  Med.  Research 
Unit,  Taipei,  Taiwan  (Beasley) 


l>a  BRANCH 

Laboratory  of  Infectious  Diseases 


SECTON 

Hepatitis  V  iruses  Secuon 


'!vrXlb*''^1?f.*&e'thesda,  .VID  20892 


TOTAL  MAN-VEARS  ;  PROFESSIONAL 

0         1 


CHECK  APPROPRIATE  BOXIESI 

I^  (a)  Human  sub)ects  ]^  (b)  Human  tissues  iZ  (c)  Neither 

Z]    (al)  Minors 
C   (a2)  Interviews 


I  Summary  of  a/ORk  lUs*  nanaam  unnauc»<3  iyo»  Do  not  aicMO  rn«  ipac*  provioaa  i 


TERMINATED 


PHs  ao4o  (Rw  1/S4)  1 1-30 


aPO  ti4>«i( 


DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  -  PUBLIC  HEALTH  SERVICE 
NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  AI  00317-07  LID 


PERIOD  COVERED 


October  1.  1987  to  September  30. 


TITLE  OF  PROJECT  (SO  characters  or  less    Title  must  lit  on  one  line  between  the  Doraers.) 

Biology  of  Non-A.  Non-B  Hepatitis  (NANBH)  Agents 


PRINCIPAL  INVESTIGATOR  (Ust  other  professional  personnel  tielow  the  Principal  Investigator.)  (Name,  title,  laboratory,  and  institute  affiliation) 

PI:  Stephen  M.  Feinstone,  M.D.     Medical  Officer  LID,  MAID 

Others:      Robert  H.  Purcell,  M.D.  Head,  HV  Section  LID,  NIAID 


COOPERATING  UNITS  (if  any) 

Blood  Bank,  NIH  Clinical  Center,  Bethesda,  MD  (Alter,  Shih,  Esteban);  CH,  LMG,  NIH, 
Bethesda,  MD  (Dawid,  Sargent).  Nihon  U.  School  Med.,  Tokyo,  Japan  (Y.  Shimizu);  Cetus  Corp. 
Emeryville,  CA  (Sninsky) 


LAB/BRANCH 

Laboratory  of  Infectious  Diseases 


SECTION 

Hepatitis  Viruses  Section 


INSTITUTE  AND  LOCATION 

NIAID,  NIH,  Bethesda,  MD  20892 


TOTAL  MAN-YEARS: 

1.3 


PROFESSIONAL: 

0.8 


0.5 


CHECK  APPROPRIATE  BOX(ES) 

n  (a)  Human  subjects  D  (b)  Human  tissues  ^  (c)  Neither 

D   (a1)  Minors 
n  (a2)  Interviews 
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Michael  Houghton  and  colleagues  at  Chiron  Corporation  have  cloned,  expressed  and  sequenced 
at  least  part  of  the  genome  of  the  NANBH  agent.  They  believe  it  is  a  10KB,  positive  sense 
polyadenylated  RNA  virus  that  may  be  related  to  the  alpha  togaviruses.  Sequence  homology  has 
not  been  found  between  the  NANBH  partial  sequence  and  any  other  known  viral  sequence.  1  plan 
to  use  a  variety  of  cDNA  cloning  procedures  in  order  to  confirm  the  Chiron  findings.  However, 
since  they  started  with  liter  quantities  of  plasma  that  contained  10"  infectious  viruses/ml  and  I 
have  approximately  100  ml  of  plasma  of  the  same  titer,  the  task  is  likely  to  be  very  difficult.  It 
is  hoped  that  the  polymerase  chain  reaction  technique  will  aid  this  effort. 

Molecular  approaches  to  identifying  the  non-A,  non-B  hepatitis  agent  now  involve 
development  of  technology  that  can  be  used  to  clone  extremely  small  quantities  of  nucleic  acid. 
We  know  that  the  NANBH  agent  is  present  in  serum  and  even  liver  at  very  low  levels,  i.e.,  less 
than  10°  infectious  units  per  ml  of  serum  or  gram  of  liver.  It  also  seems  that  if  poly(A)+  NANBH 
mRNA  is  produced,  it  is  a  very  low  abundance  message.  Therefore,  either  direct  cloning  of  DNA 
or  cDNA  cloning  is  technically  very  difficult.  In  order  to  assist  cloning  small  quantities  of  DNA 
or  cDNA,  a  "nonclonable"  piece  of  RNA  or  DNA  has  been  produced.  This  non-clonable  fragment 
wiU  be  added  to  NANBH  nucleic  acid  preparations  to  act  as  a  carrier  for  all  cloning  steps.  This 
non-clonable  fragment  will  be  useful  for  a  number  of  different  cloning  strategies  where  the  level 
of  the  nucleic  acid  of  interest  is  very  low. 
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A  new  effort  concentrating  on  animal  models  of  AIDS  was  undertaken  in  August,  1987.  Two 
model  systems  are  being  established:   1)  a  primate  model  using  the  simian  immunodeficiency  virus 
(SIV),  and,  2)  a  feline  model  using  the  feline  T-lymphotorophic  virus  (FTLV).  Both  of  these 
viruses  belong  to  the  lentivirus  subfamily  and  induce  chronic  persistent  infection  and 
immunodeficiency  in  their  respective  hosts.  SIV  is  genetically  closely  related  to  the  human  AIDS 
viruses,  while  FTLV  appears  to  be  much  less  related  to  the  human  or  primate  viruses  based  on  a 
lack  of  antigenic  cross  reactivity  (sequence  data  is  not  available).  Thus,  these  two  model  systems 
will  allow  an  in-depth  examination  (in  vitro  and  in  vivo)  of  the  molecular  biology,  pathogenesis, 
and  host  immune  responses,  and  will  afford  the  opportunity  to  evaluate  systematically  candidate 
vaccine  approaches  to  immunoprophylaxis  and  antiviral  therapies. 
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RNAs  transcribed  from  the  cDNA  clones  of  wild-type,  cell  culture  adapted  hepatitis  A  virus. 
or  mutants  constructed  from  these  clones  are  being  translated  in  virro  to  define  the  parameters 
affecting  the  efficiency  of  translation.  Deletion  mutants  have  been  constructed  to  answer  the 
question  of  whether  hepatitis  A  viability  requires  an  intact  VP4  gene  or  whether  myristylation  of 
VP4  is  imponant. 
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Chimeric  cDNA  which  contain  portions  of  both  wild- type  and  attenuated  HAV  cDNA  were 
constructed.  RNA  transcripts  from  several  of  these  cDNA  constructs  were  infectious  when 
transfected  into  monkey  kidney  cells  and  the  results  indicated  that  two  genes,  2B  and  2C,  were 
important  for  tissue  culture  adaptation..  Site-directed  mutagenesis  and  transfection  assays 
suggested  that  at  most,  four  of  six  base  changes  in  the  attenuated  clone  are  sufficient  to  allow 
wild-type  virus  to  grow  in  cell  culture.  These  mutations  will  be  inserted  by  site-directed 
mutagenesis  into  the  wild-type  clone  and  transfection  assays  will  be  done  to  determine  the 
minimum  number  of  mutations  which  allow  growth  in  tissue  culture.  Viruses  from  the  transfection 
experiments  will  be  inoculated  into  marmosets  to  determine  which  portions  of  the  HAV  genome  are 
associated  with  attenuation  and  how  this  phenotype  relates  to  the  ability  to  grow  in  cell  culture. 

The  2B  and  2C  genes  of  the  cell  adapted  HAV  will  be  used  to  permanentiy  transform  a 
continuous  monkey  cell  line  in  an  attempt  to  generate  a  complementing  cell  line  which  supports 
the  growth  of  wild-type  virus  or  improves  the  growth  of  the  cell  adapted  virus. 
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The  purpose  of  this  project  is  to  study  the  HB  V  genome  by  computer  and  molecular 
hybridization  analysis.  Our  data  suggest  that  HBV  and  retroviruses  evolved  from  a  common 
ancestor.  This  is  a  significant  finding  because  it  demonstrates  the  relatedness  of  two  diverse 
virus  families.  We  find  that:  (1)  both  HBV  and  retroviruses  utilize  a  unique  mechanism  of  genome 
replication  by  reverse  transcription  of  RNA;  (2)  highly  conserved  regions  of  HBV  proteins  share 
considerable  homology  with  retrovirus  nucleocapsid,  protease,  and  polymerase  proteins;  (3)  the  HBV 
polymerase  shares  organizational  similarities  with  the  polymerase  gene  sequence  of  retroviruses  and 
retrovirus-like  genetic  elements;  (4)  genetic  analysis  and  low  stringency  blot  hybridization  indicates 
that  HBV  DNA  sequences  are  most  closely  related  to  MLV  DNA  sequences;  (5)  HBV  possesses  two 
previously  undiscovered  open  reading  frames  which  may  represent  genuine  gene  sequences. 
Interestingly,  one  of  the  new  open  reading  frames  is  located  on  the  DNA  plus  strand  of  the 
double- stranded  virus  genome.  This  also  appears  to  be  a  unique  feature  of  retroviruses  that 
encode  proteins  involved  in  transcription  activation  because  we  find  a  plus  strand  DNA  ORF  in  the 
human  immunodeficiency  virus  genome,  and  in  the  genomes  of  related  retroviruses  of  humans  and 
animals.  Overall,  HBV  and  retroviruses  share  a  common  mechanism  of  genome  replication,  possess 
homologous  nucleotide  and  amino  acid,  and  have  genomes  that  share  a  similar  organization  of 
genes.  Therefore,  it  is  probable  that  these  virus  families  evolved  from  a  common  ancestral  virus. 
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Previously,  we  constructed  recombinant  vaccinia  viruses  that  expressed  individually  the 
hemagglutinin-neuraminidase  (HN)  and  fusion  (F)  glycoproteins  of  human  parainfluenza  virus  type  3 
(PIV3).   Intradermal  immunization  of  rodents  and  non-human  primates  induced  high  levels  of 
protective  immunity  and  demonstrated  the  feasability  of  a  subunit  vaccine  for  PIV3.   In 
continuation  of  this  work,  we  are  constructing  analogous  recombinant  vaccinia  viruses  using 
parental  strains  ( Wyeth  and  Lister)  that  are  suitable  for  evaluating  immunogenicity  in  humans. 
Also,  recombinant  adenoviruses  that  will  express  individually  the  HN  and  F  proteins  are  under 
construction. 

The  intracellular  synthesis  and  maturation  of  the  HN  protein  was  investigated  by  the 
expression  of  cDNAs  that  had  been  engineered  to  encode  N-terminally  truncated  HN  proteins.  The 
truncated  HN  proteins  contained  progressively  larger  deletions  of  the  N-termimal  cytoplasmic  and 
transmembrane  domains.  The  results  indicated  that  the  folding  of  the  HN  ectodomain  into  a 
biologically  active  and  conformationally  authentic  form  occurs  to  completion  in  the  rough 
endoplasmic  reticulum.   However,  the  finding  that  two  biologically-active  HN  mutants  remained 
localized  primarily  in  the  rough  endoplasmic  reticulum  indicated  that  correct  folding  was  not  the 
sole  prerequisite  for  movement  through  the  cxocytotic  pathway.  Finally,  the  glycosylation  of  the 
HN  protein  (which  contains  only  N-linked  sugars)  and  the  respiratory  syncyual  virus  G  protein 
(which  contains  both  N-linked  and  0-linked  sugars)  was  compared.   By  cDNA  mutagenesis  and 
expression,  chimeric  proteins  were  expressed  that  consisted  of  the  N-terminial  cytoplasmic  and 
membrane  domains  of  each  protein  fused  to  the  ectodomain  of  the  other.  This  study  showed  that 
the  processing  and  maturation  of  each  ectodomain  was  independent  of  the  origin  of  the 
cytoplasmic  and  membrane  domains. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

A  cold-adapted  (ca)  reassortant  influenza  B  virus  vaccine  was  restricted  in  replication  in  the 
upper  and  lower  respiratory  tract  of  hamsters  and  chimpanzees  compared  to  its  wild  type  influenza  B 
virus  parent.  Isolates  of  the  influenza  B  ca  reassortant  recovered  after  up  to  15  days  of  replication 
in  immunosuppressed  hamsters  did  not  exhibit  instability  of  the  ts  or  attenuation  phenotype  as 
indicated  by  tests  performed  in  cell  culture  and  in  hamsters. 

Attempts  are  underway  to  isolate  phenotypic  revertants  of  previously  characterized  influenza  A 
virus  reassortants  which  derived  only  one  gene  from  the  influenza"  A/Ann  Arbor/60  ca  donoi- virus, 
while  the  remaining  genes  were  derived  from  a  wild  type  influenza  A  virus.  Each  of  four  ts 
revertants  of  a  single  gene  PB2  reassortant  virus  also  regained  the  ability  to  replicate  in  the  lower 
respiratory  tract  of  hamsters  indicating  that  attenuation  specified  by  the  ea  PB2  gene  is  closely 
linked  to  the  t§  phenotype.  Phenotypic  revertants  of  single  gene  PB 1  and  M  reassortant  viruses 
have  also  been  isolated  and  are  currently  under  evaluation. 

The  NS  gene  of  avian  influenza  A  viruses  exhibits  sequence  dimorphism,  i.e.,  there  are  two 
allelic  forms  of  the  NS  gene,  allele  A  or  allele  B.  One  of  these  alleles  (A)  is  also  present  in  human 
influenza  A  viruses,  while  the  other  avian  influenza  A  virus  NS  allele  (B)  is  highly  divergent  from 
the  corresponding  gene  of  the  human  influenza  A  viruses.  The  level  of  replication  of  these 
reassonant  viruses  in  squirrel  monkeys  will  be  compared  with  that  of  a  human  wild  type  influenza  A 
virus  to  determine  if  the  B  allele  specifies  host  range  restriction  in  primate  respiratory  tissue. 

Phenotypic  and  genotypic  stability  are  important  properties  of  the  M  and  NP  genes  of  the  avian 
influenza  A/Mallard/78  donor  virus  that  play  a  role  in  host-range  restriction  of  avian-human 
influenza  A  virus  vaccines  in  primates.  Both  phenotypic  and  genotypic  stability  of  these  genes  are 
being  studied  by  biological  and  sequence  analysis  of  single  M  or  NP  gene  reassortants  which  have 
been  passaged  serially  in  monkeys. 
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A  cold-adapted  (ca)  influenza  B  reassonant  virus  constructed  from  the  ca  donor  virus  of 
Maassab  was  attenuated  in  the  upper  and  lower  respiratory  tract  of  chimpanzees.   Each  of  the 
isolates  from  these  primates  retained  the  temperature  sensitivity  phenotype  after  replication  in  the 
chimpanzee.  These  observations  indicated  that  influenza  B  ea  reassonants  were  attenuated  and 
stable  genetically  in  chimpanzees  and  should  be  studied  further  in  human  volunteers. 

Infection  by  vaccinia-respiratory  syncytial  virus  (RSV)  glycoprotein  recombinants  induced  a 
high  level  of  resistance  to  RSV  challenge  in  the  upper  and  lower  respiratory  tract  of  owl  monkeys. 
This  indicated  that  intradermal  infection  by  a  vaccinia-RSV  recombinant  can  provide  a  high  level 
of  resistance  to  a  virus  that  replicates  on  respiratory  tract  mucosa  and  offers  encouragement  for 
the  ultimate  success  of  vaccinia-RSV  recombinants  as  vaccines  for  humans. 

A  vaccinia  TK"*"  recombinant  vims  was  markedly  attenuated  in  dermal  virulence  for  patas 
monkeys  when  the  lymphokine  IL-2  was  co-expressed.  A  TK"  vaccinia  recombinant  that  co- 
expressed  IL-2  was  also  less  virulent  than  a  TK"  recombinant  that  did  not  co-express  IL-2. 
Significantiy  this  attenuation  effected  by  IL-2  did  not  reduce  immunogenicity  appreciably. 

Srv  and  STLV  could  not  be  detected  in  suspensions  of  parainfluenza  virus  type  3  and  various 
rotaviruses  that  had  a  history  of  passage  in  monkey  kidney  tissue  culture  and  arc  now  being 
considered  for  use  in  humans.  Absence  of  contamination  of  the  candidate  vaccine  viruses  are  free 
of  contamination  by  these  two  horizontally  transmitted  retroviruses  it  is  reasonable  to  continue 
our  evaluation  of  the  candidate  vaccines  in  human  volunteers. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

The  ayian-human  (AH)  influenza  A/Mallard/NY/6750/78  and  ca  A/Ann  Arbor/6/60  reassortant 
viruses  were  compared  for  safety,  attenuation,  infectiyity,  immunogenicity,  and  efficacy  against 
attenuated  virus  challenge  in  tests  performed  in  fully  susceptible  infants  and  children,  6-48  months 
of  age.  The  reassortant  viruses  were  derived  from  the  wild  type  human  influenza  A/Bethesda/1/85 
(H3N2)  or  influenza  A/Kawasaki/9/86  (HlNl)  virus.  The  ca  and  AH  reassortants  derived  from  the 
same  wild  virus  type  donor  were  similar  with  respect  to  attenuation,  immunogenicity,  infectivity 
and  efficacy.  However,  both  AH  and  ca  HlNl  reassortants  appeared  to  be  more  infectious  than 
their  H3N2  counterparts.  A  single  infection  induced  complete  resistance  to  subsequent  challenge 
with  the  homologous  attenuated  virus.  However,  55-60%  of  vaccinees  developed  a  significant 
antibody  response  to  a  second  dose  of  vaccine. 

Reassortants  prepared  from  two  avian  influenza  A  virus  donors,  A/Mallard/NY/6750/78  and 
A/Mallard/Alberta/88/76,  and  the  same  human  influenza  A/Bethesda/85  (H3N2)  wild  type  virus  were 
compared  in  seronegative  adult  volunteers.  The  reassortants  appeared  to  be  sircdlar,  hence,  future 
efforts  will  be  directed  toward  the  further  evaluation  of  reassortants  derived  from  the  better 
characterized  A/Mallard/NY/6750/78  donor  virus. 

A  dose  response  study  was  performed  to  evaluate  the  attenuation,  immunogenicity,  infectivity 
and  efficacy  of  ca  reassortant  influenza  B/Ann  Arbor/1/86  virus  in  seronegative  young  adults.  The 
level  of  attenuation,  immunogenicity,  and  efficacy  were  satisfactory. 

In  immunogenicity  tests  performed  in  elderly  persons  (65-83)  simultaneous  administration  of 
live  influenza  A  vaccine  and  inactivated  influenza  virus  vaccine  was  superior  to  either  vaccine 
alone. 

The  ELISA  test  for  detecting  immune  responses  to  virus  infection  was  modified  to  utilize  new 
spectrophotometers  which  can  measure- the  rate  of  color  development  in  microtiter  wells.  This 
new  kinetic  based  ELISA  requires  only  a  single  dilution  of  specimen  and  yields  results  which  are 
comparable  in  terms  of  sensitivity  and  specificity  to  those  produced  by  older  endpoint  ELISA's 
which  require  mutliple  dilutions. 
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We  have  produced  baculovirus  recombinants  expressing  the  human  parainfluenza  type  3  virus 
(PIV3)  hemagglutinin-neuraminidase  (HN)  protein  to  extend  our  previous  antigenic  and  functional 
characterization  of  the  HN  to  include  structural  analysis.  The  HN  protein  expressed  by  initial 
baculovirus  recombmants  was  shown  to  be  glycosylated,  biologically  acdve,  immunogenic,  and 
anrigenically  authentic,  but  was  produced  in  relauvely  small  quantiries.  We  have  now  produced  a 
second  generauon  of  recombinants  which  express  HN  as  a  fusion  product.  These  new  recombinants 
achieve  a  level  of  expression  which  is  20-fold  higher  than  our  initial  recombinants.  We  have  also 
generated  recombinants  which  produce  a  truncated,  secreted  form  of  FIN.  Recombinant  HN  protein 
will  be  punfied  pnor  to  structural  analysis. 

To  extend  our  antigenic  and  functional  analysis  of  the  PIVS  surface  glycoproteins,  we  have 
produced  monoclonal  antibodies  (MAbs)  to  the  fusion  (F)  glycoprotein.  These  iVLA^bs  define  20 
epitopes,  14  of  which  participate  in  neutralization.  The  neutralization  epitopes  are  distributed 
among  three  non-overlapping  antigenic  sites  (A,B,  and  C)  and  one  bridge  site  (AB),  and  the  six 
non-neutralization  epitopes  form  four  distinct  antigenic  sites.  Analysis  of  the  biological  activities 
of  MAbs  indicated  that  antigenic  sites  AB,B,  and  C  correspond  to  func-tional  domains  of  the  F 
protein.  Antigenic  variants  have  been  selected  using  neutralizing  and  fusion-inhibiting  MAbs,  and 
sequence  analysis  of  these  variants  and  of  naturally-occurring  clinical  PIV3  isolates  is  currently  in 
progress.  These  studies  will  identify  amino  acid  residues  involved  in  neutralization  by  antibodies 
as  well  as  residues  important  for  fusion  function. 
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Immunization  of  cotton  rats  with  vaccinia  RSV  F  and  G  recombinants  induced  resistance  to 
RSV  challenge  without  potentiating  disease  even  in  animals  previously  administered  varying 
amounts  of  RSV  antiserum.  Passive  transfer  of  respiratory  syncytial  virus  (RSV)  antiserum 
suppressed  the  immune  response  to  the  RSV  fusion  (F)  and  large  (G)  glycoproteins  expressed  by 
recombinant  vaccinia  viruses  administered  intradermally.  The  suppressive  effect  of  passively 
administered  RSV  immune  serum  could  be  largely  overcome  by  administering  recombinant  vaccinia 
virus  intranasally  or  by  inoculating  a  large  quannty  of  purified  F  and  G  glycoproteins 
intramuscularly. 

Immunization  of  cotton  rats  with  highly  purified  fusion  (F)  and  large  (G)  glycoproteins  of 
respiratory  syncydal  virus  induced  resistance  to  RSV  challenge  without  potentiating  disease.  This 
suggests  that  purified  glycoproteins  can  be  used  safely  in  a  vaccine  against  RSV.   Although,  the  F 
and  G  glycoprotein  vaccine  induced  a  high  titer  of  F  and  G  specific  antibodies  these  antibodies 
had  low  neutralizing  activity. 

Systemic  or  topical  administration  of  RSV  hyperimmune  antiserum  to  cotton  rats  hastened 
recovery  from  infection.   It  was  found  that  ADCC  and  complement  were  not  required  for  the  full 
therapeutic  effect  of  the  passively  transferred  RSV  antibody  which  suggests  that  virus 
neutralization  is  the  major  mechanism  by  which  the  antiviral  effect  is  achieved. 
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In  previous  work  (annual  reports,  1984-1987),  we  cloned  and  sequenced  nine  of  the  ten  genes 
of  human  respiratory  syncytial  virus  strain  A2,  which  represents  RSV  antigenic  subgroup  A.  Also, 
cloning  and  sequencing  was  extended  to  the  Long  strain,  which  is  a  second  strain  from  antigenic 
subgroup  A,  and  the  18537  strain,  which  represents  subgroup  B  (annual  reports,  1986  and  1987).  To 
continue  the  structural  analysis  of  RSV  genomic  RNA  (vRNA)  and  its  encoded  mRNAs  and  proteins, 
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sequencing  and  by  cDNA  cloning  and  sequencing.  This  will  complete  the  sequencing  of  vRNA  of 
the  prototype  A2  strain.  The  availability  of  cDNAs  and  sequences  representing  the  entire  vRNA 
will  be  an  important  step  towards  the  goal  of  expressing  infectious  RSV  from  cloned  cDNA. 
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We  arc  investigating  approaches  for  utilizing  recombinant  DNA  techniques  in  developing  a 
vaccine  for  human  respiratory  syncytial  virus  (RSV).  F^reviously,  vaccinia  virus  recombinants  that 
express  individually  the  RSV  F  and  G  glycoproteins  were  shown  to  be  highly  immunogenic  and 
effective  in  inducing  resistance  to  challenge  RSV  infection  in  rodents  and  non-human  primates. 
Analogous  recombinants  are  being  constructed  with  vaccinia  virus  strains  (Wyeth  and  Lister)  that 
arc  acceptable  for  use  in  humans.   Vaccinia  virus  recombinants  also  have  been  constructed  with 
seven  other  RSV  genes,  namely  the  IC.  IB.  N.  P,  M.  22K  and  1 A  genes.  E.xpression  of  the 
authentic  RSV  protein  has  been  confumed  in  each  case,  and  these  recombinants  are  being  used  to 
evaluate  possible  roles  for  these  proteins  in  host  immunity  and  virus-induced  pathology.  Two 
different  adenovirus  type  5  recombinants  that  contain  the  RSV  F  gene  under  the  control  of 
adenovirus  promoters  have  been  constructed,  and  these  are  being  analyzed  to  determine  whether 
the  F  protein  is  synthesized  and  processed  authentically  in  recombinant- infected  cells. 
Recombinant  baculoviruses  that  express  individually  the  F  and  G  proteins  are  being  evaluated  as  a 
potential  source  of  purified  F  and  G  protein  for  a  non-replicating  subunit  vaccine. 
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The  response  of  infants  and  children  to  first  infection  with  RSV  subgroup  A  or  subgroup  B 
respiratory  syncytial  virus  (RSV)  was  characterized  using  an  ELISA  specific  for  each  G 
glycoprotein.  Infection  with  a  subgroup  A  virus  gave  a  broad  response  to  the  G  glycoprotein  of 
both  A  and  B  viruses,  whereas  the  response  to  subgroup  B  virus  was  predominantly  homotypic. 
Subgroup  specific  neutralization  assays  are  currently  being  performed  on  sera  obtained  following 
first  and  second  infections  with  RSV. 
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We  have  used  18  neutralizing  monoclonal  antibodies  (MAbs)  specific  for  the  respiratory 
syncytial  virus  (RSV)  fusion  (F)  glycoprotein  to  construct  operational,  topologic,  and  functional 
epitope  maps  of  the  F  glycoprotein.  The  MAbs  define  16  neutralization  epitopes  which  are 
organized  into  three  non-overlapping  antigenic  sites  (A,B,and  C)  and  one  bridge  site  (AB). 
Neutralization  and  fusion-inhibidon  tests  of  the  MAbs  indicated  that  antigenic  sites  A,AB,and  C 
correspond  to  functional  domains  of  the  F  protein  involved  in  syncytium-formation,  whereas 
antigenic  site  B  does  not  participate  directiy  in  the  fusion  process.  This  conclusion  is  reinforced 
by  two  additional  observations.  First,  MAb-resistant  variants  selected  with  site  B  MAbs  produce 
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pinpoint  plaques.  Second,  epitopes  in  antigenic  sites  A,AB,and  C  (which  correspond  to  functional 
domains)  were  less  variable  among  RSV  clinical  isolates  than  were  epitopes  in  antigenic  site  B. 
Sequence  analysis  of  the  F  genes  of  antibody-resistant  mutants  will  allow  us  to  identify  amino  acid 
residues  which  are  responsible  for  binding  neutralizing  antibodies  and  which  participate  in 
syncytium-formation. 
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The  structure  and  processing  of  the  small  1 A  protein  of  human  respiratory  syncytial  virus 
(RSV)  was  investigated.  The  lA  protein  accumulated  intracellularly  as  four  species:  two  species" 
(4.8K  and  7.2K)  were  unglycosylated  and  differed  in  length  because  translational  initiation  for  the 
synthesis  of  the  4.8K  species  occurred  at  the  second  methionine  in  the  sequence.  The  two  other 
forms  (13-15K  and  21-30K)  contained  an  N-linked  carbohydrate  side  chain.  The  13-15K  species 
appeared  to  be  convened  into  the  21-30K  form  by  the  post- translational  addition  of 
polylactosamine  to  the  N-linked  side  chain.  This  complex  processing  pathway  for  lA  was 
conserved  between  the  RSV  antigenic  subgroups.  All  forms  of  lA  were  shown  to  be  insened  into 
intracellular  membranes  regardless  of  glycosylation  status,  and  aJl  forms  except  4.8K  were 
transponed  to  the  cell  surface.  Protein-mapping  studies  showed  that  the  C-terminus  of  the  1 A 
protein  is  extracellular,  whereas  the  N-temninus  is  cytoplasmic.  Additional  studies  to  investigate 
the  structures  and  processing  of  other  RSV  proteins  are  discussed. 
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The  dengue  virus  subgroup  of  the  flavi virus  family  is  comprised  of  4  distinct  serotypes  (type 
1  to  type  4).  Intratypic  variations  have  been  detected  within  several  serotypes  by  oligonucleotide 
fingerprint  analysis  and  by  virus  neutralization.   Dengue  type  4  variants  from  the  Caribbean 
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dengue  type  4  was  the  most  frequent  cause  of  dengue  hemorrhagic  shock  in  Bangkok,  in  contrast 
to  the  earlier  epidemic  pancm  in  which  dengue  type  2  viruses  were  most  often  implicated.  For 
these  reasons  it  is  imponant  to  define  in  molecular  terms:  (a)  generic  stability  and  diversity  of 
dengue  4  viruses  isolated  over  a  30  year  interval  and  (b)  the  possible  involvement  of  specific  virus 
strains,  i.e.,  "virulent  viruses",  in  severe  dengue  disease.  Two  dengue  type  4  variants,  the 
prototype  strain  H241  and  strain  2123  isolated  from  a  hemorrhagic  shock  patient,  were  chosen  for 
cloning  and  DNA  sequence  analysis.  Several  specific  oligonuclcodde  primers  corresponding  to  the 
established  dengue  4  sequence  (Dominica  strain)  were  tested  for  their  ability  to  prime  reverse- 
transcnpnon.  At  least  one  oligonuclcodde  effecnvely  primed  each  dengue  genomic  RNA  and 
yielded  cDNA  5.000  nucleoddes  in  length.  These  cDNA  products  will  be  cloned  by  the  procedure 
established  earlier.  Cloned  DNA  will  then  be  analyzed  to  determine  the  sequence  coding  for  the 
two  protecdve  and  gens,  the  envelope  glycoprotein  and  the  NSl  nonstructural  protein.  Finally, 
sequences  will  be  compared  in  an  attempt  to  identify  hypcrvariablc  regions  in  the  E  and  NS 1 
glycoproteins. 
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The  use  of  genetically  engineered  dengue  proteins  represents  a  promising  vaccine  strategy.  We 
have  employed  the  high  yielding  baculovirus-insect  cell  system  to  achieve  expression  of  dengue  viral 
proteins  from  cloned  DNA  sequences.  A  recombinant  baculovirus  containing  a  4.0  kilo-base  dengue 
virus  cDNA  sequence  that  codes  for  the  three  viral  structural  proteins,  capsid  (c)  protein, 
premembrane  (PreM)  protein,  and  envelope  glycoprotein  (E),  and  nonstructural  proteins  NSl  and 
NS2a.  Cultured  insect  cells  infected  with  this  recombinant  virus  produced  what  appeared  to  be 
authentic  E  and  NSl.  Immunization  of  mice  with  these  dengue  protein  products  induced  resistance 
to  fatal  dengue  encephalitis.  To  further  elucidate  the  basis  for  this  protective  immunity, 
recombinant  baculovirus  that  expressed  only  E  or  NS 1  was  constructed.  Mice  immunized  with  an 
infected  cell  lysate  containing  either  E  or  NS  1  also  developed  complete  resistance  to  dengue  virus 
challenge. 
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A  cDNA  library  from  the  dengue  type  4  virus  42s  RNA  (strain  814669)  was  constructed. 
Multiple  overlapping  DNA  clones  which  represent  the  entire  dengue  genome  were  used  to  determine 
the  complete  nucleotide  sequence.  The  genome  contains  10,  644  nucleotides  with  a  single  open 
reading  frame  that  encodes  a  polyprotein  of  3386  amino  acids.  Homology  alignment  of  the  dengue 
type  virus  polyprotein  with  the  polyproteins  of  two  other  flaviviruses,  yellow  fever  and  West  Nile 
viruses,  indicated  that  the  three  structural  proteins  designated  capsid  (c),  membrane  (M),  and 
envelope  (E)  are  located  at  the  N-terminus  and  nonstructural  proteins  in  the  order  of  NSi ,  NS-i., 
NS-)jj.  NS^,  ^S^^.  NS_;jjj,  NSc  are  located  at  the  C-terminus.  The  E  glycoprotein  is  responsible  for 
viral  funcuonal  activities  such  as  absorption  to  host  cells,  hemagglutination  and  reactivity  with 
neutralizing  antibodies.  Amino  and  homology  analysis  indicates  that  there  is  a  close  sequence 
relationship  among  the  envelope  glycoproteins  of  different  flaviviruses.  The  dengue  NSj 
nonstructural  protein  has  been  shown  to  be  the  soluble  complement  fixing  antigen.  Recent  studies 
with  YF  or  dengue  virus  have  shown  that  NS|  induces  immunity  in  mice  against  its  repective  virus 
infection.  The  use  of  NSi  nonstructural  protein  for  immunization  against  dengue  is  especially 
attractive  because  the  possibility  of  immune  enhancement  due  to  envelope  glycoprotein- specific 
antibodies  could  be  avoided. 


PH8C040(Ra«   i/M)  ,.  aro  ka^ii 

1  l-JO 


DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  -  PUBLIC  HEALTH  SERVICE 
NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  AI  00476-03  LID 


PERIOD  COVERED 

October  1.  1987  to  September  30.  1988 


TITLE  OF  PROJECT  (80  characters  or  less.  Title  must  tit  on  one  line  between  trie  boraers) 


Engineering  the  Genome  of  Dengue  Virus 


PRINCIPAL  INVESTIGATOR  (Ust  other  professional  personnel  below  the  Principal  Investigator )  (Name,  title,  laboratory,  ana  institute  affiliation) 


PI: 


Bangti  Zhao,  Ph.D. 


Others:      Ching-Juh  Lai,  Ph.D. 

Robert  M.  Chanock,  M.D. 


Visit.  Scientist 

Head,  MVB  Section 
Chief 


LID,NIAID 

LID,NIAID 
LID,NIAID 


COOPERATING  UNITS  (if  any) 


UVB/BRANCH 

Laboratory  of  Infectious  Diseases 


SECTION 

Molecular  Viral  Biology  Section 


INSTITUTE  AND  LOCATION 

NIAID,  NTH,  Bethesda,  MP  20892 


TOTAL  MAN-YEARS: 


1.15 


PROFESSIONAL: 


0.95 


0.2 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects 
D   (a1)  Minors 
D   (a2)  Interviews 


D  (b)  Human  tissues  S  (c)  Neither 
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Overlapping  cDNA  clones  were  initially  identified  which  spanned  the  entire  dengue  4  sequence 
of  10,644  nucleotides  in  length.  These  separately  cloned  DNA  segments  were  used  to  construct  a 
full-length  DNA  copy.  SV40  sequences  that  contained  an  early  promoter  and  origin  of  SV40  DNA 
replication  were  inserted  into  the  dengue  plasmid  and  the  resulting  DNA  (SVD4)  was  used  for 
transfection  of  COS-1  cells.  We  also  constructed  recombinant  dengue  DNA  containing  an  SP6 
promoter  in  order  to  produce  RNA  transcripts  for  assay  of  infectivity  in  transfected  LLCMK^  cells. 
Special  emphasis  has  been  given  to  removing  non-viral  sequences  from  both  termini  of  full-length 
dengue  DNA.  The  modified  SP6-dengue  4  DNA  produced  precise  transcripts  in  an  in  vitro  system 
including  a  cap  structure  at  the  5 '-end.  Thus  far,  none  of  these  transcripts  has  proved  to  be 
infectious  following  the  standard  transfection  assay.  Direct  transfection  of  COS-1  cells  with  SV-D4 
DNA  also  failed  to  demonstrate  infectivity.  It  is  possible  that  our  failure  to  detect  infectivity  with 
our  cloned  DNA  resulted  from  deletion  or  substitution  mutations  present  in  the  virus  which  was 
cloned  or  such  alterations  might  have  been  introduced  as  an  artifact  during  cloning.  A  second  full- 
length  dengue  cDNA  copy  has  been  constructed  from  a  new  set  of  separate  clones.  Although  the 
RNA  transcripts  made  from  the  new  clone  also  failed  to  show  infectivity,  these  new  full-length 
dengue  sequences  should  prove  to  be  valuable  for  identifying  mutations  in  this  and  other  full  length 
clones  by  comparison  of  restriction  enzyme  sites  and  sequence  among  the  various  clones.  In 
addition,  fragments  in  both  non-infectious  clones  will  be  replaced  with  the  corresponding  fragments 
derived  from  other  cloned  cDNAs  in  a  continuing  attempt  to  construct  a  full  length  cDNA  that  is 
infectious. 
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We  employed  vaccinia  virus  as  a  vector  to  express  the  three  structural  proteins,  capsid  (c), 
membrane  (M)  or  its  precursor  F*reM,  and  envelope  glycoprotein  (E),  as  well  as  the  nonstructural 
protein  NSl  from  a  5 '-terminal  fragment  of  cloned  dengue  virus  DNA.  We  observed  that  the  three 
dengue  virus  glycoproteins,  PreM,  E,  and  NSl  were  produced  in  recombinant  vaccinia  virus-infected 
cells  and  theu-  glycosylabon  pattern  was  similar  to  that  observed  during  dengue  virus  infection. 
Infection  of  cotton  rats  with  the  vaccinia  virus  recombinant  induced  a  poor  immune  response  to  the 
NSl  glycoprotein,  while  antibodies  for  the  other  two  glycoproteins  were  not  detected  at  all. 
Nevertheless,  mice  immunized  with  this  vaccinia  virus  recombinant  developed  complete  resistance  to 
fatal  dengue  encephalitis. 
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A  vaccinia  recombinant  expressing  dengue  type  4  virus  structural  (C,M,E)  and  nonstructural 
(NSl,  NS2a)  proteins  failed  to  induce  a  detectable  immune  response  to  the  envelope  (E) 
glycoprotein  in  cotton  rats  or  rabbits.  Because  of  the  possibility  that  cell  surface  expression 
might  increase  immunogenicity,  we  employed  a  vaccinia  virus  vector  to  express  the  dengue  E 
protein  on  the  cell  surface,  using  the  RSV  G  glycoprotein  as  a  carrier.  Recombinant  DNA 
constructs  were  prepared  that  encoded  a  truncated  N-terminal  segment  of  the  RSV  G 
glycoprotein  fused  to  an  85%  fragment  of  the  (E)  glycoprotein  or  to  smaller  E  subfragments. 
These  chimeric  DNAs  were  inserted  into  vaccinia  virus  and  the  expression  of  E  by  recombinant 
vaccinia  virus  was  analyzed.  The  expressed  fusion  protein  containing  85%  of  E  reacted  with 
hyperimmune  dengue  virus  antiserum  by  immunofluorescence  assay,  but  was  only  found 
intracellularly.  In  contrast,  cell  surface  expression  of  chimeric  proteins  containing  a  34,  49  or 
60%  subfragment  of  E  was  demonstrated  using  antipeptide  sera  but  these  proteins  did  not  react 
with  hyperimmune  dengue  antiserum.  Infection  of  cotton  rabbits  and  rabbits  with  vaccinia 
recombinants  expressing  various  chimeric  proteins  did  not  induce  a  detectable  E  antibody 
response.  Mice  immunized  with  the  various  vaccinia-chimeric  E  recombinants  were  partially 
resistant  to  lethal  challenge  with  dengue  type  4  virus,  but  protective  efficacy  varied  markedly  in 
two  successive  experiments,  and  a  correlation  was  not  observed  between  surface  expression  and 
protective  efficacy.  Surviving  mice  exhibited  signs  of  encephalitis.  In  contrast,  a  vaccinia 
recombinant  expressing:  (i)  the  3  structural  proteins  (C,M,E)  plus  the  first  2  non- structural 
proteins  (NSl,NS2a),  or  (ii)  only  the  3  structural  proteins,  or  (iii)  only  E  induced  complete 
resistance  to  lethal  dengue  virus  challenge  and  most  surviving  mice  did  not  develop  signs  of 
encephalitis.  The  latter  observations  indicate  that  expression  of  the  dengue  virus  E  and  NS 1 
protective  antigens  in  their  mature  form  on  the  cell  surface  is  not  required  for  induction  of 
resistance. 
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The  nonstructural  protein  1  (NSI)  of  dengue  vims  has  been  shown  by  others  to  induce 
protective  immunity  in  mice.  The  use  of  NS 1  for  immunization  against  infection  has  one 
theoretical  advantage  over  immunization  with  the  other  dengue  protective  antigen,  the  envelope 
glycoprotein  (E).  It  is  possible  that  antibodies  against  the  envelope  protein  might  cause  immune 
enhancement  of  disease  during  subsequent  infection  by  a  heterotypic  dengue  virus.  For  this 
reason  we  initiated  a  study  of  the  immunogenicity  of  dengue  type  4  NS  1 .  A  series  of  overlapping 
oligopeptides  that  span  the  entire  NSI  amino  acid  sequence  were  synthesized.  In  addition,  we 
constructed  recombinant  vaccinia  viruses  for  expression  of:  (i)  the  entire  NSI,  alone  or  in 
combination  with  other  dengue  products,  or  (ii)  subfragments  of  NS  1.  Analysis  of  the  binding  of 
NSI  specific  antibodies  to  the  peptides  by  ELISA  and  immunoprecipitation  of  subfragments  of  NSI 
indicated  that  the  amino  terminal  third  of  the  NSI  protein  contains  the  major  antigenic  epitopes. 
Studies  of  the  expression  of  NS  1  by  another  series  of  vaccinia  recombinants  demonstrated  that  the 
hydrophobic  sequence  preceding  NS  1  is  a  functional  signal  whether  it  is  located  at  the  amino 
terminus  or  at  an  internal  position  of  an  expressed  polyprotein.   In  addition,  the  downstream  NS2a 
sequence  was  found  to  be  required  in  cis  for  the  normal  cleavage  of  the  NSl/NS2a  junction. 
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Processing  of  the  dengue  virus  pre-matrix  (pM)  protein  was  studied  during  cell-free 
translation  of  RNA  transcripts  prepared  from  cloned  dengue  DNA  containing  capsid,  pM,  and  NH2- 
terminal  envelope  glycoprotein  (E)  sequences.  To  elucidate  the  mechanism  for  processing,  strategic 
mutations  were  produced  in  capsid  and  pM  sequences  were  produced  by  site-directed  mutagenesis 
of  dengue  DNA,  and  mutant  RNA  transcripts  were  then  translated.  Our  recent  observations 
suggest  that  cleavage  at  the  capsid-pM  and  pM-E  sites  is  mediated  by  signal  peptidase.  A  signal- 
like function  appears  to  mediate  the  translocation  event  and  is  linked  to  cleavage.  It  is  proposed 
that  this  function  is  served  by  a  hydrophobic  segment  (amino  acid  residues  100-1 13  in  the  dengue 
precursor)  that  occurs  at  the  capsid-pM  junction.  Recognition  of  the  "signal"  does  not  require 
prior  cleavage  of  NH2-terminal  capsid  sequences.  Our  data  also  suggest  that  the  "signal"  has  a 
polar  effect  on  translocation  of  E,  and  possibly  nonstructural  glycoprotein,  NS 1,  sequences. 
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We  identified  linear  B-cell  epitopes  in  the  envelope  glycoprotein  of  dengue  virus,  type  4, 
strain  814669,  by  ELISA  using  38  overlapping  15  amino  acid  peptides  that  span  the  493  amino 
acid  sequence  of  the  envelope  as  predicted  from  the  nucleotide  sequence  of  cloned  DNA.   Murine 
poly-  and  monoclonal  antibodies  bound  a  total  of  nine  peptides.  Five  of  these  peptides  were 
weakly  bound  and  represented  the  N-terminus  of  the  envelope.  The  remaining  four,  two  of 
which  were  bound  by  monoclonals,  were  located  about  60%  of  the  distance  from  the  N-  to 
C-terminus  of  the  molecule,  but  were  not  contiguous  with  each  other.  Human  sera,  largely  from 
patients  in  endemic  areas  experiencing  a  secondary  infection,  identified  five  regions  in  the 
envelope  sequence  likely  to  contain  linear  antigenic  sites.  These  regions  spanned  the  envelope 
sequence  from  N-  to  C-terminus  and  were  defined  by  the  more  frequent  binding  of  20  of  the  38 
peptides  that  were  nested  in  contiguous  groups  of  three  to  five  peptides  each.  The  conditions 
for  interpreting  the  human  data  are  described.  Current  and  future  plans  involve  use  of  rabbit 
anti-pcpiidc  antibodies  and  the  use  of  peptides  to  define  murine  and  T  cell  epitopes. 
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One  of  the  major  goals  of  our  laboratory  is  the  development  of  an  effective  live  dengue  viral 
vaccine.  A  vaccinia  recombinant  bearing  a  fragment  of  the  dengue  genome  coding  for  all  the 
structural  proteins  and  the  major  nonstructural  protein  (NSl)  of  the  virus  failed  to  induce 
detectable  dengue  antibodies  in  experimental  animals.  It  is  possible  that  the  lack  of 
immunogenicity  of  this  recombinant  was  related  to  failure  of  the  protective  dengue  viral  antigens 
(envelope,  (E),  and  NSl)  to  be  expressed  at  the  surface  of  vector  virus  infected  cells.  The 
relationship  between  cell  surface  expression  and  immunogenicity  of  vaccinia  recombinants  may  be 
inferred  from  work  done  in  several  other  laboratories,  as  well  as  our  own.  Our  difficulty  in 
attaining  cell  surface  expression  for  the  dengue  antigens  is  most  likely  related  to  the  fact  that  E 
and  the  matrix  protein  (M)  are  not  expressed  at  the  cell  surface  during  the  normal  course  of 
dengue  viral  infection.  Therefore,  processing  of  E  and  M  coded  for  by  the  vaccinia  recombinant 
would  not  be  expected  to  result  in  surface  expression  of  the  vector  coded  proteins.  The  failure  of 
RSV  G-dengue  E  chimeras,  including  the  large  fragment  of  E,  to  be  expressed  at  the  cell  surface 
does  not  necessarily  indicate  that  this  fragment  bears  signals  or  conformational  constraints  that 
interdict  cell  surface  expression.  Instead,  the  problem  may  reside  in  a  conformational  interaction 
between  the  G  and  E  sequences  at  the  amino  acid  level  that  results  in  sequestration  in  or  before 
the  Golgi  or  the  NH2-terminus  of  G  may  determine  an  unusual  pathway  through  the  Golgi  to  the 
cell  surface  that  can  t  be  negotiated  by  the  E  sequences.  To  determine  whether  the  large  (Hae 
in)  fragment  of  E  included  in  the  first  three  RSV  G-dengue  E  constructs  is  able  in  and  of  itself 
to  traverse  the  Golgi  and  reach  the  plasma  membrane,  an  attempt  has  been  initiated  to  express  the 
Hae  in  fragment  of  E  downstream  from  a  cleaveable  signal  sequence  in  an  SV40  expression  vector. 
The  SV40/HA  signal/Hae  III  E  recombinants  will  then  be  scored  for  secretion  of  the  E  fragment 
coded  for  by  the  Hae  III  genomic  segment 
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The  dengue  virus  NS3  and  NS5  nonstructural  proteins  are  candidates  for  viral  enzymes  that  are 
involved  in  viral  RNA  transcription  and/or  replication.  In  order  to  examine  the  gene  expression  and 
functional  activity  of  these  two  proteins,  we  engineered  NS3  and  NS5  specific  IDNA  and  constructed 
a  recombinant  baculovirus  which  expressed  the  NS3  or  NS5  viral  gene.  Synthesis  of  NS3  in 
recombinant  virus- infected  cells  was  detected  by  indirect  immunofluoresence  assay.  Similarly,  the 
synthesis  of  NS5  was  detected  by  SDS-polyacrylamide  gel  analysis  of  a  lysate  from  recombinant  viru;; 
infected  cells.  The  protein  products  were  prepared  for  immunization  of  rabbits  and  antisera  specific 
to  these  proteins  were  obtained.  The  availability  of  NS3  specific  sera  should  facilitate  detection  of 
this  protein  in  experiments  designed  to  study  the  requirement  of  downstream  NS4a  and  NS4b 
sequences  for  expression  of  NS3.  These  experiments  will  be  carried  out  to  test  the  hypothesis  that 
NSl  and  NS3  may  be  analogous  since  each  is  followed  by  two  hydrophobic  proteins  that  may  serve 
as  proteases  that  effect  specific  cleavage  of  the  dengue  polyprotcin. 
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Rotaviruses  have  been  studied  extensively  in  many  parts  of  the  world  predominantiy  by  cross- 
sectional  approaches.  Such  studies  have  yielded  essentially  "numerator"  data  which  indicated  that 
rotaviruses  are  a  major  cause  of  diarrheal  illness  in  infants  and  young  children.  There  has  been  a 
paucity  of  longitudinal  viral  gastroenteritis  studies  that  yield  not  only  important  "denominator" 
data  but  also  valuable  insights  into  the  natural  history  of  a  pathogen  or  illness,  with  special 
emphasis  on  epidemiologic,  immunologic  and  laboratory  data.  We,  therefore,  initiated  an  intensive 
examination  of  anal  swab  and  serum  specimens  obtained  during  a  previous  LID  long-term 
longitudinal  study  (1955-1969)  at  Junior  Village,  a  welfare  institution  for  homeless,  but  otherwise 
normal  children.  Anal  swabs  and  blood  specimens  were  obtained  routinely  from  the  youngest  age 
groups,  which  ranged  from  6  months  to  about  5  years  of  age  during  various  periods  of  the  study. 
Surveillance  was  carried  out  by  a  trained  medical  staff.  Children  were  housed  in  cottages 
according  to  their  age.  The  scope  of  the  surveillance  of  about  45-100  infants  and  young  children 
can  be  appreciated  by  the  fact  that  in  the  1966  period  of  the  study,  a  full-time  medical  staff  of  2 
nurses  and  4  practical  nurses  from  our  unit  were  in  daily  attendance,  in  addition  to  the  full-time 
medical  staff  of  the  District  of  Columbia  Department  of  Public  Welfare  tiiat  included  nurses, 
practical  nurses,  and  a  full-time  physician  in  charge  of  medical  care  at  Junior  Village.  Rectal 
temperatures  were  obtained  on  each  child  daily;  routinely,  a  physician  examined  any  child  with  a 
rectal  temperature  of  100.6°F  or  greater.  Careful  medical  records  were  kept  by  the  nursing  staff 
on  all  children.  Thus,  with  this  background  we  plan  to  investigate  the  natural  history  of  rotavirus 
infections  in  a  longitudinal  manner. 
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The  analysis  of  cloned  rotavirus  genes  will  greatly  enchance  our  knowledge  of  the  molecular 
biology  of  rotavirus.  In  addition  to  identification  of  important  regulatory  signals  (promoters, 
ribosomal  binding  sites,  etc.),  analysis  of  cloned  cDNA  can  yield  information  concerning  amino  acid 
sequences  of  structural  proteins. 

Expression  of  rotavirus  antigens  by  insertion  of  cloned  DNA  from  VP7  or  VP3  into  various 
vectors  may  provide  us  with  safer  RV  vaccines.  Although  rotavirus  cDNA  clones  representing  VP7 
have  been  inserted  into  bacterial  and  vaccinia  expression  vectors,  the  proteins  expressed  have  not 
been  highly  immunogenic.  It  is  possible,  however,  that  insertion  of  the  VP3  protein  gene  into 
such  vectors  will  result  in  the  expression  of  a  more  antigenic  protein.  VP3  and  VP7  clones  are 
being  engineered  for  insertion  into  adenovirus  and  bacterial  expression  vectors  which  are  currently 
under  development. 

We  are  currentiy  attempting  to  transfect  rotavirus  ss  RNA  from  a  given  serotype  into  cells 
infected  with  a  rotavirus  strain  of  a  different  serotype  in  an  attempt  to  recover  (under  selective 
pressure)  rotavirus  reassortants  containing  the  transfected  gene.  If  these  experiments  yield 
positive  results  it  will  be  possible  to  attempt  the  rescue  of  rotavirus  modified  by  in  vitro 
mutagenesis  of  cloned  DNA.  Success  in  developing  this  methodology  will  also  allow  us  to  probe 
the  function  of  certain  areas  of  the  rotavirus  genome  (i.e.  serotype  specific  regions  in  the  VP7 
gene,  cleavage  region  in  the  fourth  gene,  etc.)  and  could  be  of  considerable  help  in  constructing 
cross-reactive  or  further  attenuated  rotavirus  vaccine  candidates. 
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Bovine  rotavirus  strain  678,  which  was  originally  isolated  from  a  diarrheic  calf  in  Great 
Britain,  was  found  to  belong  to  a  newly  established  serotype  8  (prototype  strain  HRV  69M)  by 
plaque  reduction  neutralization  (PRN)  assay.  Bovine  rotavirus  strain  ID,  which  was  a  "supershort" 
cleccropherotype,  was  found  to  belong  to  serotype  6  (prototype  bovine  rotavirus  NCDV  strain 
which  has  a  "long"  clectropherotype)  by  PRN  assay.  Bovine  rotavirus  strain  B223  was  shown,  by  a 
one-way  cross-neutralization  assay,  to  be  distinct  from  any  of  the  9  established  serotypes. 
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disease  is  most  senous. 

We  have  characterized  and  evaluated  an  animal  rotavirus,  the  rhesus  rotavirus  (RRV)  strain 
MMU 18006,  as  a  vaccine  candidate.   RRV  has  not  been  recovered  under  natural  conditions  from 
infants  or  children  and  thus  does  not  appear  to  be  a  virus  of  the  human  heritage.  In  addiuon. 
the  genes  of  RRV  exhibit  significant  divergence  in  sequence  from  the  corresponding  genes  of  the 
known  human  rotavirus  serotypes.  Nonetheless,  this  virus  is  similar  to  human  rotavirus  type  3  in 
its  neutralization  specificity.   Furthermore  RRV  grows  efficiently  in  a  semi-continuous  line  of 
diploid  cells,  DBS-FRhL-2.  This  is  an  important  property  because  adventitious  agents  often 
contaminate  pnmary  monkey  kidney  cell  cultures.  In  addition,  RRV  can  serve  as  a  parent  for 
construction  of  rotavirus  reassonants  possessing  the  major  neutralization  protein  (VP?)  of  one  of 
the  other  3  human  rotavirus  serotypes.  Such  reassonants  will  be  needed  in  a  multivalent  vaccine 
since  the  RRV  failed  to  provide  broad  protection  against  other  human  rotavirus  serotypes  in  the 
very  young  infant  group. 
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creative  role  is  in  its  application  for  the  detection  of  new,  heretofore  unknown,  agents  of  acute 
infectious  gastroenteritis  and  other  diseases  as  well. 
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Norwalk  virus  is  one  of  a  group  of  small,  noncultivatable,  27nm  viruses  which  are  important 
etiologic  agents  of  epidemic  gastroenteritis  in  older  children  and  adults.  The  adaptation  of  biotin- 
avidin  immunoassays  for  detection  of  Norwalk  virus  antigen  and  for  detection  of  seroresponses  to 
the  virus  allowed  us  to  perform  an  extensive  survey  of  gastroenteritis  outbreaks  in  Maryland 
nursing  homes  for  the  elderly.  Serologic  studies  indicated  that  Norwalk  virus  was  associated  with 
gastroenteritis  episodes  in  approximately  one-fifth  of  the  patients;  this  virus  was  the  single  most 
imponant  agent  associated  with  these  outbreaks.  Attempts  to  cultivate  Norwalk  virus  are  in 
progress  employing  a  tissue  culture  system  which  has  been  used  successfully  for  cultivation  of  a 
porcine  calicivirus.  In  addition,  a  porcine  calicivirus  has  recently  been  obtained  which  will  be  used 
as  a  model  for  cloning  of  the  Norwalk  virus  genome. 
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An  understanding  of  the  molecular  epidemiology  and  the  extent  and  origin  of  genetic 
variation  of  rotaviruses  is  of  basic  importance  to  the  development  of  an  effective  strategy  for 
immunoprophylaxis  of  rotavirus  disease.  The  recognition  of  naturally  occurring  mutants  or 
reassortants  with  altered  properties  (virulence,  antigenicity,  host  range,  etc.),  may  lead  to  the 
identification  of  rotavirus  strains  of  low  virulence  for  infants  and  newborns  which  may  be  suitable 
for  use  in  a  live  attenuated  virus  vaccine. 

Recentiy  a  simple  dot  hybridization  assay  and  a  rapid  sequencing  technique  were  developed 
for  analysis  of  sequences  within  the  genome  of  rotavirus  isolates  which  may  have  relevance  to 
immunity  or  virulence.  In  this  context,  the  sequences  in  the  VP7  gene  of  field  isolates  responsible 
for  serotype  specificity  or  those  in  the  VP3  gene  related  to  rotavirus  virulence  could  be  identified 
and  related  to  the  particular  clinical  and  epidemiological  features  of  the  infections  from  which  the 
strains  were  recovered. 
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It  is  clear  from  many  studies  performed  in  the  U.S.  and  abroad  that  there  is  an  urgent  need 
to  develop  a  rotavirus  vaccine  which  can  be  used  in  both  industrialized  and  developing  countries. 
In  an  attempt  to  achieve  this  goal  we  have  continued  our  laboratory  and  field  studies  of  vaccine 
candidates  which  include  rhesus  rotavirus  (RRV)  strain  N4MU 18006  and  reassonants  derived  from  it. 
RRV  is  a  simian  rotavirus  strain  derived  from  a  stool  of  a  3.5  month  old  rhesus  monkey  with 
acute  diarrhea.  It  has  been  passaged  9  times  in  primary  or  secondary  monkey  kidney  cell  culture 
and  7  times  in  DBS-FRhL-2  cell  culture,  a  semi-condnuous  simian  diploid  cell  strain.  The  rhesus 
rotavirus  (RRV)  appears  to  be  restricted  in  humans,  and  its  major  neutralizarion  protein  (VP7)  is 
very  closely  related  antigenically  to  the  corresponding  protein  of  human  rotavirus  serotype  3. 
Reassonant  rotaviruses  with  10  genes  from  RRV  and  a  VP7  gene  from  serotype  1,  serotype  2  or 
serotype  4  human  rotavirus  were  prepared  in  LID  and  are  now  being  evaluated  in  phase  1  clinical 
trials. 

In  phase  I  and  phase  IT  (efficacy)  studies  in  Venezuelan  infants  the  RRV  vaccine  was  shown 
to  be  satisfactorily  immunogenic  and  protective.   RRV  reassonants  have  also  been  tested  singly  or 
in  combination  or  in  combination  with  RRV  in  an  attempt  to  induce  heterotypic  immunity  capable 
of  providing  resistance  to  the  four  commonly  circulating  rotavirus  serotypes. 
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The  VP3  genes  of  the  simian  SAll,  bovine  NCDV,  porcine  OSU,  and  porcine  Gottfried 
strains  of  rotavirus  were  studied  by  sequence  analysis.  The  overall  amino  acid  homology  of  the 
VP3  of  two  SAl  1  strains  was  only  82.7%;  however  the  VPS  protein  of  one  of  these  SAl  1  strains 
exhibited  an  homology  of  98.4%  with  NCDV,  suggesting  that  this  SAl  1  VP3  was  derived  by 
inadvertent  gene  reassortment  in  another  laboratory  during  contamination  with  a  bovine  rotavirus. 
The  VPS  amino  acid  homology  of  OSU  and  other  animal  rotaviruses  is  approximately  80%. 
Surprisingly,  the  VPS  protein  of  Gottfried  virus  is  closely  related  to  the  VPS  of  human 
asymptomatic  rotavirus  strains  in  various  ways  including  (1)  nucleotide  sequence  and  (2) 
neutralization  by  hyperimmune  antisera  or  VPS  cross-reactive  neutralizing  monoclonal  antibodies. 

A  comparison  of  the  deduced  amino  acid  sequence  of  the  VPS  of  two  virulent  NCDV  strains 
and  an  attenuated  NCDV  vaccine  strain  (RTT  42S7),  revealed  only  five  amino  acid  substitutions 
which  were  scattered  throughout  the  protein  but  did  not  involve  the  trypsin  cleavage  sites.  One 
of  the  virulent  strains  and  the  attenuated  strain  differed  in  only  one  amino  acid  (residue  76) 
suggesting  that  a  gene  or  a  series  of  genes  other  than  the  VPS  gene  sustained  mutations  which 
were  responsible  for  attenuation  of  the  candidate  RIT  vaccine  strain  of  NCDV. 
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In  an  attempt  to  further  delineate  antigenic  structure  and  function  of  rotavirus  we  have 
generated:  (i)  a  series  of  single  gene  substitution  reassonant  rotaviruses  and  (ii)  a  series  of 
rotavirus  mutants  resistant  to  neutralizing  VP7  monoclonal  antibodies.  Some  of  the  reassonants 
arc  potential  human  rotavirus  vaccine  candidates.  Serologic  analysis  of  the  escape  mutants  and 
sequence  analysis  of  the  VP7  gene  of  the  mutants  have  revealed  a  complex  structure  of 
neutralization  antigenic  sites  on  the  VP7. 
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Respiratory  transmission  of  adenovirus  types  4  and  7  is  associated  with  the  development  of 
respiratory  illness.  However,  enteric  administration  of  these  viruses  produces  a  silent  infection 
localized  to  the  intestinal  tract  which  is  capable  of  preventing  subsequent  respiratory  illness 
caused  by  these  viruses.  This  observation  served  as  the  basis  for  the  development  in  LID  of  the 
live  enteric  adenovirus  type  4  and  type  7  vaccines.  An  extensive  experience  in  the  use  of  these 
vaccines  has  been  gained  over  the  last  20  years  since  the  vaccine  is  administered  routinely  to  all 
new  recruits  in  the  military.  The  safety  and  efficacy  of  these  adenovirus  vaccines  make  them 
ideal  candidates  for  use  as  vectors  for  insertion  and  expression  of  foreign  genes. 

Replication  of  recombinant  adenovirus  in  the  intestine  should  induce  an  immune  response 
directed  at  the  proteins  of  the  foreign  genes  and  hence  confer  resistance  against  the  agents  from 
which  the  genes  were  derived.  The  likelihood  of  the  success  of  this  general  approach  has  already 
been  shown  by  research  scientists  at  Wyeth  who  were  able  to  express  hepatitis  B  surface  antigen 
by  inserting  and  expressing  the  corressponding  hepatitis  B  virus  gene  in  the  El  and  later  in  the 
E3  region  of  adenovirus  type  5. 

It  should  be  possible  to  construct  adenovirus  recombinants  that  allow  packaging  of  foreign 
DNA  (perhaps  up  to  5000  bases)  after  the  deletion  of  non-essential  adenovirus  regions. 

We  are  testing  this  approach  to  develop  recombinant  rotavirus/adenovirus  vaccines.  The 
vaccine  strains  of  adenovirus  types  4  and  7  vaccines  would  seem  to  be  safe  vectors  for  foreign 
genes.  Furthermore,  infection  in  the  intestines  may  result  in  local  IgA  responses  which  are 
particularly  important  for  viruses,  such  as  the  rotaviruses,  which  produce  mucosal  infection. 
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The  complete  nucleotide  sequence  of  the  sixth  gene  encoding  VP6  of  two  subgroup  I  animal 
rotaviruses  (vervet  monkey  rotavirus  SA-1 1  and  bovine  rotavirus  RF)  and  one  subgroup  II  human 
rotavirus  (Wa)  was  determined  previously.  Comparison  of  the  deduced  amino  acid  sequences 
indicated  a  high  degree  of  homology;  more  than  90%  of  the  amino  acids  were  conserved  between 
subgroup  I  and  subgroup  II  rotaviruses. 

In  the  present  study  we  deduced  the  amino  acid  sequence  of  the  VP6  protein  of  4  additional 
rotavirus  strains,  each  with  a  different  subgroup  specificity:  human  rotavirus  strain  1076 
(subgroup  I),  porcine  rotavirus  strain  Gottfried  (subgroup  II),  equine  rotavirus  strain  H-2  (neither 
subgroup  I  nor  II)  and  equine  rotavirus  strain  R-14  (both  subgroup  I  and  II).  This  allowed  us  to 
compare  the  VP6  amino  acid  sequences  of  rotaviruses  with  dual  or  no  known  subgroup  reactivity 
with  those  of  rotaviruses  belonging  to  subgroup  I  or  II.  This  approach  was  taken  in  an  attempt 
to  identify  epitopes  responsible  for  subgroup  specificity.  In  addition,  the  imponance  of  the 
trimcric  conformation  of  the  VP6  protein  to  subgroup  epitopes  was  investigated. 

.Most  of  the  VP6  genes  from  the  different  strains  contain  a  unique  AUG.  In  contrast,  the 
VP6  gene  of  H-2  strain  contains  an  additional  AUG  at  residue  132-134,  which  results  in  the 
translation  of  a  second  VP6  protein.  Both  VP6  products  assume  a  trimeric  conformation  in  the 
mature  virion. 
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The  initial  objective  of  this  study  was  to  identify  serotypic  differences  by  analysis  of  the 
nucleotide  sequences  of  rotavirus  strains  representing  different  serotypes.  Serotype-specific 
sequences  were  identified  in  the  gene  encoding  the  VP7  protein  and  a  method  for  predicting 
rotavirus  serotype  from  the  nucleotide  sequence  was  developed.  The  identification  of  serotype- 
specific  sequences  has  proved  to  be  useful  in  current  studies  which  have  the  objectives  of  (a) 
developing  "serotyping"  assays  using  cloned  DNA  probes  and/or  oligonucleotides,  (b)  analyzing  the 
immune  response  of  individuals  to  serotype-specific  antigens  on  the  VP7  and  (c)  determining  the 
importance  of  naturally-occurring  variants  of  each  serotype  in  the  epidemiology  of  rotavirus. 
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The  third  serotype  of  human  rotavirus  shares  neutralization  specificity  with  rotaviruses 
derived  from  monkeys,  dogs,  cats,  horses,  rabbits,  and  mice.  In  addition,  viruses  of  this  serotype 
include  strains  of  all  known  subgroup  specificities  (i.e.,  I,  II,  neither  I  nor  II,  both  I  and  II).  The 
relationships  of  the  major  neutralization  protein,  VP7,  of  the  various  serotype  3  strains  were 
analyzed  by  testing  their  reactivity  with  VP7  monoclonal  antibodies  (mAbs)  and  by  comparing 
nucleotide  and  amino  acid  sequence.  This  analysis  was  performed  in  an  attempt  to  clarify 
antigenic  relationships  and  to  better  understand  the  evolution  of  serotype  3  rotavirus  strains  which 
have  established  an  extraordinarily  broad  host  range. 


PHSa040(R«>    1/84) 


11-84 


a^o  •<4-*it 


DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  -  PUBLIC  HEALTH  SERVICE 
NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  AI  00511-01  LID 
TERMINATED 


PERIOD  COVERED 

October  1,  1987  to  September  30,  1988 


TITLE  OF  PROJECT  (80  characters  or  less.  Title  must  fit  on  one  tine  between  the  bonders.) 

Rotavirus  Cross-Reactive  and  Serotype-Specific  Neutralization  Epitopes 


PRINCIPAL  INVESTIGATOR  (List  other  protessional  personnel  below  the  Principal  Investigator)  (Name,  title,  laboratory,  and  institute  affiliation) 


PI:  Koki  Taniguchi,  Ph.D. 

Others:      Mario  Gorziglia,  Ph.D. 
Kazuo  NishUcawa,  M.D. 
Yasutaka  Hoshino,  Ph.D. 
Albert  Z.  Kapikian,  M.D. 
Robert  M.  Chanock,  M.D. 


Visiting  Associate 

Visiting  Associate 
Visiting  Fellow 
Visiting  Scientist 
Head,  ES  Section 
Chief,  LID 


LID,  NIAID 

LID,  NIAID 
LID,  NIAID 
LID,  NIAID 
LID,  NIAID 
LID,  NIAID 


COOPERATING  UNITS  (it  any) 


me/BRANCH 

Laboratory  of  Infectious  Diseases 


SECTION 

Epidemiology  Section 


INSTITUTE  AND  LOCATION 

NIAID,  NIH,  Bethesda,  Maryland  20892 


TOTAL  MAN-YEARS: 


0 


PROFESSIONAL 


0 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)  Human  subjects 
D  (a1)  Minors 
D  (a2)  Interviews 


D  (b)  Human  tissues  £]  (c)  Neither 


SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 


TERMINATED 


PHS  6040  (Rev.  1/84) 


11-85 


SPO  SI4-«1S 


I  PROJECT  NUMBER 


DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  •  PUBLIC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT  '  ZOl  AI  00532-01  LID 


PtBlOO  COVERED 

October  1.  1987  lo  September  30.  1988 


TITLE  Of  PROJECT  i90  cnv9Cfn  or  •«!    '(>•  -nust  M  on  on*  *>•  o»rw**n  tnm  oorxjtrs  , 

Expression  ox  VP3  and  VP7  Genes  ot"  Rotavirus  Using  A  Baculovirus  Expression  Vector 


PRinOPM.  investigator  iUU  otnar  pramtKe>u  p»rtonn»i  o«iow  in«  Pnnop*/  'nwingaror  I  {Namt.  mm.  MOoriwry.  tna  mivtutt  tlld,ttioni 

PI:  Kazuo  Nishikawa,  M.D.  Visit.  Assoc.  LID,  NIAID 

Mario  Gorziglia,  Ph.D.  Visit.  Assoc.  LID,  NLAID 


COOPERATING  UNITS  Crf  my) 


LAO^RANCh 

Laborator\'  of  Infectious  Diseases 


SECDON 

Epidemioloev  Section 


INSTITUTE  AND  LOCATION 

.VLAID,  MH.  Bethesda,  .VID  20892 


TOTAL  MAN-YEARS 

1.1 


PROFESSIONAL 

1.1 


0.0 


CHECK  APPROPRIATE  BOX(ES) 

G  (a)  Human  sut3)ects  D  (b)  Human  tissues  £]  (c)  Neither 

G   (al)  Minors 
~   (a2)  Interviews 


SUMMARY  OF  WORK  lUf  utncvrt  unrtaueaa  rypa.  Do  not  ttc—a  tn*  so»c»  provtOtt  I 

The  VPS  and  VP7  outer  capsid  proteins  of  rotaviruses  are  major  neutralization  antigens  and 
play  an  important  role  in  the  inination  of  infection.  In  order  to  better  understand  the  function 
and  antigenicity  of  each  protein,  we  constructed  full  length  cDNA  clones  of  these  genes  and 
insened  them  into  the  polyhedrin  gene  of  baculovirus.  We  plan  to  carry  out  the  passive 
immunizanon  studies  in  the  piglet  model  using  antiserum  produced  with  such  proteins  expressed  by 
baculovirus- rotavirus  VPS  or  VP7  recombinant. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

A  library  of  monoclonal  antibodies  specific  for  the  two  neutralization  proteins  of  rotaviruses, 
VP7  (the  major  neutralization  protein  bearing  serotype- specificity)  and  VP3  (the  hemagglutinin) 
was  developed  in  the  LID.  Efforts  have  continued  in  the  expansion  of  this  library  to  include 
monoclonal  antibodies  which  are  needed  for  vital  immunoassays  and  studies  of  the  antigenic 
structure  of  the  virus.  Seven  monoclonal  antibodies  specific  for  the  new  serotype  9  human 
rotavirus  were  isolated  and  characterized.  These  monoclonal  antibodies  exhibit  high  neutralizing 
activity  against  serotype  9  viruses  but  not  against  other  rotavirus  serotypes.  One  monoclonal 
antibody,  3C3,  exhibits  strong  to  serotype  9  viruses  in  ELISA  and  is  being  characterized  more 
extensively  prior  to  its  addition  to  the  existing  panel  of  monoclonal  antibodies  used  for  serotyping 
human  rotavirus  strains.  An  epitope  blocking  assay  has  been  developed  similar  to  that  described  by 
Shaw  et  al.  and  this  assay  shows  promise  as  a  method  for  measuring  serotype-specific  responses  in 
vaccinees. 
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Preliminary  studies  of  a  non-group  A  rotavirus  derived  from  a  diarrheic  calf  indicate  that  it 
is  distinct  antigenically  from  group  A  rotaviruses  currently  studied  in  this  laboratory.  This  bovine 
"group  B"  rotavirus  should  provide  a  good  model  for  the  development  of  molecular  techniques  for 
analysis  of  human  non-group  A  rotaviruses. 
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SUMMARY  STATEMENT 


This  will  probably  be  the  last  of  these  reports.  Although  LMI  has  a  certain  ghostly 
administrative  presence  still,  its  corporeal  existence  ended,  in  effect,  in  October.  Dr.  B.  J. 
Fowlkes,  one  of  our  most  productive  scientists,  was  transferred  to  LCMI.  Dr.  Asofsky  makes 
most  of  his  administrative  arrangements  through  LI  and  will  be  a  senior  member  of  that 
laboratory  shortly.  Dr.  Baker  is  at  present  attached  to  OD,  IRP.  With  luck,  the  administrative 
wheels  will  have  ground  sufficiently  small  in  a  year's  time  to  make  these  intended  changes  final. 
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FIP4  C3-3  is  a  hybridoma  which  secretes  both  IgM  and  IgG3  anti-SSSIII  antibodies 
simultaneously.  Immunofluorescent  studies  indicate  that  most  individual  cells  are  "double 
secretors."  The  line  has  been  cloned  repeatedly,  and  is  a  proved  double-secretor  because: 
(1)  individual  cells  stain  both  for  IgM  and  IgG3;  (2)  the  line  incorporates  14  C  lysine 
into  both  IgM  and  IgG^  in  vitro:  (3)  supemates  from  individual  clones  in  microwells 
contains  both  IgM  and  IgG-^  antibodies  to  SSSIII;  (4)  the  line  produces  IgM  and  IgGj 
-paraproteins  when  transplanted  into  mice.  It  was  found  in  the  cloning  studies  that  single 
IgM  or  IgGi  producers  were  fairly  common,  about  1  in  20. 

Molecular  analysis  with  probes  for  IgM  and  lgG3  has  been  begun.  Southern  blot 
analysis  of  double  producing  and  of  IgM  producing  lines  shows  no  DNA  rearrangement 
thus  far.  One  IgGo  single  producer  shows  an  IgG^  rearrangement. 
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RIIIS/J  mice  make  low  antibody  responses  to  several  polysaccharide  antigens  of 
bacterial  origin.  They  have  low  levels  of  serum  IgM  and  IgS.^'  ^^  ^^^^  ^^"^^^^  °^  serum 
IgG9„  and  iIGok-  L°w  serum  IgM  and  IgG3  levels  appear  to  be  due  to  a  low  frequency 
of  Ly-1  Bcellsr^IIS/J  mice  treated  with  bacterial  lipopolvsaccharide  (LPS)  produce  a 
low  anri-bromelain-mouse-erythrocvte  Canri-BrMRBC)  antibody  response,  but  a  normal 
antibody  response  against  mouse  transferrin.  These  data  are  consistent  with  the  fact 
that  Ly-1  B  cells  contain  the  precursors  of  B  lymphocvtes  secreting  anti-BrMRBC 
antibody.  RIIIS/J  mice  should  be  valuable  in  studies  on  the  development  of  the  Ly-1  B 
cell  lineage. 
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Treatment  with  non-toxic  monophosphorvl  lipid  A  (MEL),  derived  from  a 
polysaccharide  deficient  hcptoscless  Re-mutant  of  Salmonella  tvphimurium  was  found  to 
inactivate  suppressor  T  cell  activity  as  evidenced  by  a  decrease  in  the  degree  of 
low-dosc  immunological  paralysis  expressed  and  an  increase  in  the  magnitude  of  the 
annbodv  response  to  Tvpe  III  pneumococcal  polysaccharide  (SSS-tlD-  The  effect 
produced,  which  could  not  be  atmbutcd  to  the  polyclonal  activation  of  immune  B  ggUs  by 
MPL,  were  dependent  upon  the  dose  of  MPL  used,  as  well  as  the  nme  when  MPL  was 
given  reladve  to  low-dosc  priming  or  immunization  with  SSS-UI.  Neither  amplifier  nor 
helper  T  cell  activity  was  decreased  by  treatment  with  the  same~or  larger-doses  of 
MPL. 
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Vicia  villosa  lectin-adherent  Lyt-l"*"  spleen  cells,  obtained  4  days  after  immunization 
with  an  optimally  immunogenic  dose  (0.5  |lg)  of  Type  HI  pneumococcal  polysaccharide 
(SSS-IID.  increased  the  magnitude  of  the  antibody  response  of  mice  to  SSS-III  upon 
transfer  to  recipients  also  immunized  with  the  same  antigen;  however,  the  ability  to 
demonstrate  such  enhancement  depended  greatly  upon  when  such  cells  were  transferred 
relative  to  immunization  of  recipients.  Lectin-adherent  cells  augmented  the  antibody 
response  of  athymic  nude  (nu/nu)  mice  to  SSS-III,  and  abrogated  the  expression- but  not 
the  induction~of  low-dose  immunological  paralysis,  a  form  of  unresponsiveness  mediated 
by  suppressor  T  cells.  These  findings  are  consistent  with  effects  usually  attributed  to 
the  action  of  amplifier,  rather  than  contrasuppressor.  T  cells. 
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The  Laboratory  of  Molecular  Microbiology  (LMM)  applies  molecular  and  biological 
techniques  to  study  the  structure,  function,  and  regulation  of  prokaryotic  and  eukaryotic 
genes.  Programmatically,  a  wide  range  (murine  retroviruses,  the  human  immunodeficiency 
virus  (HTV),  mycoplasmas,  streptococci,  and  anaerobic  bacteria)  of  microorganisms  and 
their  host  cells  are  investigated.  Members  of  the  LMM  are  physically  located  in  two 
different  buildings  in  Bethesda  and  in  Building  550  at  the  Frederick  Cancer  Research 
Facility.  Although  the  research  activities  conducted  by  the  LMM  staff  are  quite  diverse, 
a  common  theme  involves  the  characterization  of  genetic  elements  (both  chromosomal  and 
episomal)  affecting  the  interaction  of  microorganisms  and  the  cells  they  infect. 

For  the  past  four  years,  the  LMM  staff  has  made  investigations  of  AIDS  and  HTV 
and  major  research  priority.  Much  of  this  work  has  been  carried  out  in  collaboration 
with  Drs.  Tom  Folks,  H.  Clifford  Lane,  and  Anthony  Fauci  of  the  Laboratory  of 
Immunoregulation,  NIAID  who  provide  expertise  in  cell  biology  and  clinical  immunology. 

The  past  5  years  has  witnessed  a  tremendous  explosion  of  new  information  about 
the  biology  and  molecular  structure  of  HIV.  Virtually  all  of  this  information  has  accrued 
from  tissue  culture  infections  of  human  peripheral  blood  lymphocytes  or  continuous  T  cell 
lines.  We  now  know  that  in  addition  to  the  gag,  poL  and  gnv  genes  present  in  other 
groups  of  replication  competent  retroviruses,  HIV,  like  other  members  of  the  lentivirus 
subfamily,  contains  a  number  of  other  genes,  many  of  which  regulate  the  production  of 
viral  proteins  during  the  replicative  cycle.  These  include  the  tat>  art/trs;  and  B/3'orf 
genes.  Studies  which  have  focussed  on  the  biology  of  HTV  infection  have  demonstrated 
that  T  lymphocytes,  expressing  the  CD4  molecule  on  their  surface,  can  bind  virus 
particles  as  the  initial  step  in  the  replicative  cycle.  Other  work  has  shown  that  infected 
tissue  culture  cells,  synthesizing  the  viral  envelope  protein  gpl20,  are  able  to  induce  the 
formation  of  syncytia  and  death  of  uninfected  T4  lymphocytes. 

Although  an  immense  amount  of  knowledge  has  been  accumulated  in  a  relatively 
short  period  of  time,  precious  littie  information  is  available  about  the  in  vivo  life  cycle 
of  HIV.  At  present,  littie  is  known  about  the  portal(s)  of  entry,  the  type(s)  of  inocula 
encountered  (free  virus  versus  infected  cells),  how  the  virus  spreads  throughout  the  body 
of  an  infected  person  (and,  for  example,  how  and  when  it  enters  the  central  nervous 
system),  why  the  virus  remains  dormant  for  long  periods  of  time,  and  the  mechanisms  of 
HIV  induced  disease.  A  missing  component  affecting  research  of  HIV  is  the  absence  of  a 
tractable  animal  model.  Only  two  animal  species  are  naturally  susceptible  to  infection 
with  HIV  (man  and  the  chimpanzee)  and  only  man  develops  disease.  Although  several 
other  lentivirus  systems  appear  promising  (such  as  the  simian  immunodeficiency  virus 
[SIV])  as  of  a  model  for  retrovirus  induced  immunodeficiency,  in  the  final  analysis, 
extrapolations  back  to  HIV  will  invariably  have  to  be  made. 

For  the  past  two  years  we  have  contemplated  the  use  of  transgenic  mice  to  study 
different  phases  of  HIV  infection  in  vivo.  The  construction  of  transgenic  animals  that 
would  permit  an  evaluation  of  the  entire  life  cycle  of  HIV  to  occur  would  be  ideal.  Such 
a  system  would  allow  the  dissection  of  the  multiple  steps  required  for  efficient  in  vivo 
infection  and  disease  production.  Our  first  thoughts  turned  to  the  construction  of  mice 
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expressing  the  human  CD4  protein,  the  receptor  for  HIV.  Unfonunatcly,  work  from 
other  laboratones  demonstrated  that  although  mouse  L  cells,  NIH  3T3  cells,  and  several 
mouse  lymphocyte  lines  could  be  induced  to  synthesize  human  CD4  (following  stable 
transfection),  no  evidence  of  HIV  infection  could  be  demonstrated  when  these  cells  were 
subsequently  exposed  to  vu^s.  Virus  bound  to  the  T4  positive  mouse  cells  but  failed  to 
enter  and  inmate  a  rcplicativc  cycle.  Exchanges  of  the  mouse  and  human  CD4 
cytoplasmic  "tails"  did  not  alleviate  the  block  in  susceptibility.  The  production  of  mice 
expressing  human  T4  therefore  seemed  to  be  impractical  as  a  model  system  for  HIV. 

HIV  infection  in  man  is  characterized  by  months  to  years  of  inapparent  disease 
before  development  of  AIDS  or  AIDS-related  syndromes.  During  this  interval,  free  virus 
is  extremely  difficult  to  demonstrate.  It  is  very  likely  that  this  inefficient  expression  of 
HIV  reflects,  in  pan.  the  presence  of  latent  forms  of  virus  in  mononuclear  cells. 
Populations  of  infected  lymphoctes  or  macrophages  may  exist  which  harbor  integrated, 
but  inactive  HIV  proviruses.  Such  potential  cell  reservoirs  of  virus  could  initiate  rounds 
of  virion  production  if  appropriately  stimulated.  Factors  capable  of  activating  dormant 
copies  of  proviral  DNA  might  also  contribute  to  disease  progression.  An  animal  model 
that  simulates  latent  HIV  infection  of  man  could  facilitate  the  study  of  relevant  cofactors 
of  disease  progression.  Toward  this  end,  two  types  of  transgenic  mice  carrying  different 
portions  of  HIV  provu-al  DNA  were  constructed. 

Four  strains  of  transgenic  mice  were  created  containing  the  HTV  long  terminal 
repeat  (LTR)  linked  to  the  bacterial  gene,  chloramphenicol  acetyl  transferase  (CAT)  in  a 
collaboration  with  Dr.  Heinrich  Westphal,  NICHHD.  A  survey  of  tissues  from  progeny  of 
each  strain  indicated  similar  patterns  of  CAT  expression.  The  highest  levels  of  CAT 
were  detected  in  thymus,  eye  (lens  epithelium),  heart  and  tail.  Extracts  of  spleen  and 
blood  showed  low  levels  of  CAT  expression.  No  constitutive  CAT  was  detected  in  lung, 
brain,  skeletal  muscle,  kidney,  tongue,  colon,  thyroid  or  bone  marrow.  One  of  the 
tissues  that  was  consistentiy  positive  for  CAT  was  the  tail.  Expression  in  tail  specimens 
was  localized  to  the  skin  and  further  fractionation  revealed  CAT  activity  in  the 
epidermal  layer.  When  epidermal  cell  suspensions  were  separated  into  keratinocyte  and 
Langerhans  cell  fractions,  very  high  levels  of  CAT  were  detected  only  in  the  latter. 

Langerhans  cells  are  dendritic  antigen-presenting  mononuclear  phagocytes  by  several 
antigenic,  morphologic  and  functional  critera.  They  originate  in  the  bone  marrow  and 
continually  repopulate  the  epidermis.  Our  data  indicate  that  CAT  expression  in 
Langerhans  cells  was  more  than  a  1000- fold  higher  than  that  observed  in  circulating 
monocytes  and  more  than  10-fold  greater  than  seen  in  bone  marrow  derived  macrophages 
stimulated  with  several  recombinant  cytokines.  HIV  LTR-directed  CAT  synthesis  in 
transgenic  mice  appears  to  parallel  differentiation  of  cells  of  monocyte-macrophage 
lineage  and  most  likely  is  responsive  to  the  expression  of  regulatory  proteins  specific  to 
these  cells. 

During  the  course  of  these  studies,  experiments  were  carried  out  in  which  an 
infectious  molecular  cloned  HIV  provirus  was  transfected  into  several  human  and 
non-human  cell  lines.  In  virtually  all  cases,  including  those  in  which  the  cloned  viral 
DNA  was  introduced  into  mouse  3T3  cells,  infectious  progeny  HIV  particles  were 
generated  that  exhibited  the  full  spectrum  of  biological  properties.  This  result  suggested 
that  no  intrinsic  barrier  to  the  synthesis  of  HIV  proteins  and  their  assembly  into 
infectious  virions  existed  in  mouse  cells.  In  view  of  our  findings  with  transgenic  animals 
containing  the  HIV  LTR  element,  we  surmised  that  mice  harboring  an  intact,  biologically 

13-2 


active  copy  of  the  HIV  genome  might  syntheize  viral  proteins  and  virions.  If  either  of 
the  latter  were  toxic  to  the  mouse,  a  possible  "disease"  model  was  in  the  offing. 

In  the  fall  of  1987,  members  of  the  LMM  staff  petitioned  the  NTH  Biosafety 
Committee  for  permission  to  construct  transgenic  mice  carrying  cornplete  copies  of  HTV 
proviral  DNA.  In  November,  1987,  the  experiment  was  approved  with  the  stipulation  that 
it  be  conducted  in  the  BL4  facility  of  Building  4  IT.  Microinjections,  carried  out  by 
Dr.  Jan  Abrumczuk,  NIDR  commenced  shortly  thereafter  and  the  first  animals  were  bom 
in  December  1987.  To  date,  13  founder  transgenic  animals  have  been  bom,  5  of  which 
transmit  copies  of  the  HIV  provirus  to  their  progeny.  The  founder  animals  contain 
2  to  >64  copes  of  HTV  proviral  DNA/cell,  have  shown  no  evidence  of  disease,  and  produce 
no  detectable  progeny  virions. 

One  of  the  5  founder  animals  (female  mouse  13)  containing  2  copies  of  proviral 
DNA,  was  particularly  interesting.  Besides  developing  antibodies  directed  against  gpl20 
and  the  p64  reverse  transcriptase  protein  of  HIV,  mouse  13  produced  litters  which 
developed  a  fatal  disease  syndrome,  similar  in  many  respects  to  human  AIDS.  Since 
January  1988,  approximately  one-half  of  the  animals  in  5  different  litters  from  mouse  13 
have  exhibited  tJie  unique  disease  phenotype;  non-transgenic  linermates  were  perfectly 
healthy.  Affected  animals  were  apparent  by  day  10  to  12  of  life  by  their  small,  runted 
appearance  coupled  with  characteristic  dry,  scaly,  and  fissued  tails,  ears,  and  paws.  In 
general  all  of  the  affected  animals  were  dead  by  day  28  of  life. 

Several  of  the  affected  animals  were  autopsied  to  evaluate  the  location  and  extent 
of  diseased  tissues.  All  animals  had  extensive  lymphadenopathy  affecting  brachial, 
inguinal,  cervical,  pancreatic  and  maxillary  nodes.  Microscopically,  the  lymph  nodes 
showed  evidence  of  hyperplasia  with  increased  numbers  of  B  lymphocytes  (see  below). 
Striking  changes  were  also  observed  in  the  lungs  of  the  affected  animals.  Animals 
sacrificed  early  in  the  course  of  the  disease,  had  areas  of  lymphoid  aggregation  localized 
almost  exclusively  to  regions  surrounding  the  pulmonary  blood  vessels.  At  later  times, 
the  lymphoid  infiltrates  extended  out  from  the  regions  of  the  vasculature  into  the 
pulmonary  interstitium.  In  the  most  advanced  situations,  the  lymphoid  aggregates 
obliterated  the  alveolar  spaces  from  without.  In  no  case  was  there  evidence  of 
bronchopneumonia  which  might  suggest  a  bacterial  infection.  Histologic  examination  of 
the  skin  from  affected  areas  revealed  marked  hyperkeratosis  and  pronounced 
parakeratosis  associated  with  infiltrating  granulocytes  at  the  dermal-epidermal  junction. 
This  constellation  of  findings  is  reminiscent  of  human  psoriasis,  a  condition  frequendy 
encountered  in  AIDS  patients. 

Attempts  to  isolate  virus  were  carried  out  by  co-cultivating  sterile  tissue  specimens 
with  T4  positive  human  lymphocytes.  Virus  was  isolated  from  the  skin,  lymph  nodes,  and 
spleen  of  three  different  ^fected  mice.  Immunoblot  analysis  of  the  recovered  virus  that 
had  been  passaged  a  single  time  in  human  T  cells,  indicated  a  protein  banding  pattem 
that  was  indistinguishable  from  the  HIV  parent.  The  results  of  preliminary  experiments 
indicate  no  alteration  of  the  host  range  (viz.  exclusively  human  CD4  dependent)  of  the 
rescued  virus. 

Lymphocytes  recovered  from  spleen  and  lymph  nodes  of  affected  mice  were  sorted 
by  FACS.  No  depletion  of  the  Leu3/T4  subset  of  T  cells  was  observed  in  affected 
animals  compared  to  their  healthy,  non-diseased  littermates.  However,  the  affected 
animals  consistenUy  had  a  marked  increase  in  B  cells  which  will  be  investigated  further. 
T  cell  functional  assays  are  also  in  progress. 
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The  spontaneous  disease  appearing  in  progeny  of  mouse  1 3  shares  many  features 
with  AIDS  in  humans.  The  lymphadenopathy,  lung  disease  characterized  by  lymphocyric 
accumulations  around  pulmonary  vasculature,  psoriaform  skin  lesions,  virus  isolation,  and 
death  have  been  frequently  reponcd  for  HIV  seropositive  individuals.  Of  panicular  note 
is  the  development  of  disease  in  the  transgenic  animals  without  any  obvious  reduction  of 
T4  cells.  This  suggests  that  other  cell  types,  perhaps  those  of  monocyte/macrophage 
lineage,  arc  responsible  for  the  pathologic  changes  observed.  We  are  planning  to  develop 
this  model  more  extensively  over  the  next  year  and  use  it  for  invcsrigadng: 
1)  mechanisms  underlying  HIV  induced  cell  and  dssue  injury;  and  2)  potentially  useful 
agents  that  inhibit  or  delay  disease  development. 

Other  Research  Accomplishments 

Identification  of  a  novel  HIV  gene  that  is  expressed  in  vivo.  A  16kilodalton 
protein,  expressed  in  HIV-1  producing  cells,  was  identified  as  the  gene  product  of  the 
viral  "U"  open  reading  frame  (ORF).  When  expressed  in  vitro,  the  81  amino  acid  yjyi 
protein  reacted  with  approximately  one-third  of  the  serum  tested  from  HIV  seroposirivc 
individuals.  A  mutation  in  the  U  ORF  resulted  in  a  5-  to  10-fold  reduction  of  progeny 
virus  panicles  but  little  if  any  effect  on  the  quantity  of  intracellular  viral  proteins. 
These  results  indicate  that  the  vpij  protein  is  required  for  efficient  virus  replication  and 
may  have  a  role  in  assembly  or  maturation  of  newly  synthesized  particles  (Strebel, 
Klimkait.  and  Martin). 

In  vitro  mutagenesis  identifies  a  region  of  the  HIV  gpl20  that  is  critical  for 
infectivity.  Site-specific  mutagenesis  was  used  to  introduce  amino  acid  substitutions 
within  the  second  highly  conserved  domain  of  the  HTV  gpl20.  One  of  the  changes  amino 
acid  267  abolished  infectivity  but  had  no  effect  on  the  binding  of  mutant  particles  to 
cells  expressing  the  CD4  receptor  or  the  production  of  syncytia  by  mutant  virus 
producing  cells.  These  results  suggest  that  alterations  of  the  second  conserved  domain 
of  gpl20  interferes  with  a  critical  early  step  in  virus  replication  other  than  receptor 
binding  and  fusion  (Willey  and  Martin). 

Identification  of  functionally  imponant  regions  of  HTV  gp41.  In  vitro  mutagenesis 
was  used  to  introduce  hydrophilic  amino  acids  into  the  highly  conserved  and  strongly 
hydrophobic  N-terminus  of  gp41.  When  the  Phe-Leu-Gly  motif  was  disrupted  by  such 
procedure,  the  virus  was  no  longer  infectious  nor  capable  of  eliciting  syncytia.  A 
termination  codon,  similar  in  location  to  that  present  in  the  gp37  of  HIV-2,  was 
introduced  into  sequences  encoding  the  cytoplasmic  tail  of  HIV-1  gp41.  Proviruses 
carrying  this  alteration  were  no  longer  infectious  (Klimkait,  Willey,  and  Martin). 

Emergence  of  replication-competent  revenants  of  HTV  env  gene  mutants.  Some  HTV 
mutants,  rendered  non-infectious  following  the  introduction  of  alterations  in  either  gpl20 
and  gp41,  regained  their  ability  to  replicate  in  human  T  cells  following  long  term  passage 
in  culture.  Molecular  cloning  of  the  revertant  proviral  DNAs  and  nucleotide  sequencing 
analyses  revealed  that  the  original  mutations  remained  and  compensatory  alterations  in 
neighboring  regions  of  the  HIV  envelope  protein  restored  biological  activity  (Willey, 
Klimkait,  and  Martin). 

Biosynthesis,  cleavage,  and  degradation  of  the  HTV  envelope  glycoprotein  gpl60. 
The  synthesis  and  processing  of  HIV  gpl60  and  gpl20  was  studied  in  pulse-chase 
expenments  during  virus  replication  in  a  T4  positive  lymphocyte  cell  line.  Only  10  to 
20%  of  the  originally  synthesized  gpl60  could  be  chased  to  gpl20.  Efficient  intracellular 
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sorting  results  in  the  transfer  of  uncleaved  gpl60  to  lysosomes  where  it  is  degraded 
while  gpl20  is  transported  to  the  cell  surface  and  secreted.  Cleavage  of  the  precursor 
gpl60  to  generate  gpl20  occurs  intracellularly  and  can  be  inhibited  by  ammonium  chloride 
(Willey,  Klausner,  Bonifacino,  and  Martin). 

Infection  of  human  monocyte  cultures  in  vitro.  Procedures  were  established  for 
preparing  and  propagating  peripheral  blood  monocyte  cultures  that  are  susceptible  to  HIV 
infection.    Characterization  of  a  virus  stock  that  replicated  efficientiy  in  monocyte 
cultures  indicated  that  it  consisted  of  a  least  two  components:   1)  a  macrophage-tropic 
virus  and  2)  virions  that  can  replicate  in  both  lymphocytes  and  macrophages.  Pure 
stocks  of  each  are  being  prepared  and  examined  both  biologically  and  molecularly  for  the 
identification  of  determinants  of  cell  tropism  (Potts  and  Martin). 

Genetic  recombination  of  the  human  immunodeficiency  virus.  A  clonal  cell  line 
(8E5),  carrying  a  single  reverse  transcriptase-defective  integrated  provirus,  was  used  in 
transfection  studies  with  different  defective  mutants  derived  from  an  infectious  molecular 
clone  of  HIV.  Infectious  viral  particles  were  recovered  following  transfection  of  8E5 
with  a  tat  mutant  and  an  gnv  mutant.  Several  candidate  recombinant  viruses  obtained 
from  these  transfection  experiment  were  plaque-purified.  Restriction  analysis  of  proviral 
DNA  from  these  viruses  indicated  that  they  emerged  through  genetic  recombination 
(Clavel,  Hoggan,  Martin,  and  Repaske). 

Functional  analysis  of  HIV  B  (3')  ORF  protein.  The  3' (B)-orf  product  of  fflV-l 
was  shown  to  be  a  negative  regulator  of  virus  replication.  B  orf  mutant  proviruses 
replicated  more  vigorously  than  wild-type  HIV  proviral  DNA  during  transient  expression 
in  a  variety  of  nonlymphoid  and  lymphoid  cell  lines.  The  HIV  B  Qif  product,  supplied  in 
trans  as  an  expressible  cDNA,  suppressed,  in  a  dose-dependent  manner,  the  replication  of 
wild  type  virus  and  enhanced  the  replication  of  B  orf  mutant  proviruses.  Transient 
expression  of  reporter  genes  that  were  linked  to  the  HIV  LTR  was  also  repressed  by 
coexpression  of  B  orf  linked  to  HIV  LTR  or  the  CMV  immediate  early  promoter.  The 
negative  effect  of  B  orf  was  mediated  by  a  a  cis  sequence,  designated  the  negative 
regulatory  element  which  is  situated  between  340  and  156  nucleotides  upstream  of  the 
RNA  initiation  site  within  the  HTV  LTR  (Ahmad  and  Venkatesan). 

Interactions  of  HIV  B  and  art/trs  gene  products.  The  art/trs  protein  of  HTV  was 
shown  to  "supertransactivate"  the  expression  of  a  replication-incompetent,  mt  negative 
proviral  DNA  (pNL432-260).  This  supertransactivation  was  accompanied  by  1)  brisk 
expression  of  eny  gp  160  and  gag  proteins,  2)  increased  levels  of  all  species  of  viral 
RNAs,  3)  complete  shutdown  of  the  HTV  B  orf  expression.  The  magnitude  of 
transactivation  of  mutant  provirus  was  relatively  constant  over  a  wide  range  of  arts/trs 
cDNA  concentrations  (0.5-20  |J.g).  When  increasing  amounts  of  B  orf  cDNA  was 
transfected  into  cells,  a  dose  dependent  repression  of  virus  production  from  both 
wild-type  art/trs  mutant  proviruses  was  observed.  The  B  orf  induced  repression  could 
not  be  alleviated  by  coexpression  of  ars/trs  cDNA  (Ahmad  and  Venkatesan). 

Strucural  analysis  of  HTV  gag-pol  protease.  The  p64  and  p51  reverse  transcriptases 
and  the  p34,  the  integrase  proteins  of  HIV  have  been  previously  mapped  and  sequenced. 
This  analysis  of  HTV  pol  gene  products  has  been  extended  to  include  the  identification 
and  sequencing  of  a  p  10  gag-pol  protease,  the  enzyme  responsible  for  the  processing  of 
the  gag  and  gag-pol  fusion  proteins.  A  10  kDa  protein  with  an  identical  N-terminal 
sequence  (determined  through  the  first  39  residues)  was  present  among  the  processed  HTV 
pol  gene  products  in  E.  coli  expressing  the  entire  HTV  pQl  open  reading  frame.  Although 
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the  purified  viral  protease  lacked  measurable  proteolytic  activity,  bacterial  extracts  were 
capable  of  processing  an  HIV  g;^  precursor  protein  synthesized  in  £.  cell    A  sensitive 
assay  for  the  HIV  protease  using  defined  oligopeptides  has  been  developed  an  will  be 
employed  to  screen  protease  inhibitors  as  potential  antiviral  drugs  (Venkatesan). 

Syncviia  assay  for  the  VU\'  envelope  protein.  One  manifestation  of  HIV  infection  m 
vitro  is  formadon  of  syncytia  thai  involves  virus  infected  cells  and  cells  expressing  the 
CD4  protein.  .A  HeLa  cell  line  evpressing  CD4  was  transfected  with  HIV  envelope 
expressing  denvadves  of  the  infectious  provirus  clone.  pNL4-3.  Syncytia  were  observed 
24  to  48  hours  later.  A  variety  of  HIV  eny  mutanons  were  tested  in  this  assay  to 
ascertain  which  portions  of  the  HIV  envelope  mediated  the  formarion  of  syncytia. 
Mutations  in  the  CD4  binding  region  of  gpl20  and  the  amino  tenrunus  of  gp41  eliminated 
svncvtia.  and  were  non-infectious  when  introduced  into  the  infectious  clone  pNL4-3 
(Felser,  KJimkait,  .Martin,  Silver). 

.Activation  of  the  HTV  LTR  by  herpes  simplex  virus.  Infection  of  cells  by  herpes 
simplex  virus  type  1  iHSV-1)  results  in  activation  of  the  HIV  LTR.  Deletion  mutagenesis 
studies  suggest  that  the  region  of  the  HIV  LTR  responsive  to  HSV  activation  included  a 
D.N'A  segment  containing  the  binding  sites  for  the  cellular  transcriptional  factors  NFkB 
and  Spl.  Exonuclease  protection  assays,  designed  to  map  the  sites  of  nuclear  protein  the 
HIV  LTR  DNA.  demonstrated  increased  binding  to  a  segment  of  the  LTR  containing  the 
NTkB  and  Spl  sites  in  HSV-infected  HeLa  cells.  Gel  retardation  studies  showed  that  HSV 
infection  of  HeLa  cells  results  in  the  induction  of  NFkB  binding  activity.  The  induction 
of  this  DNA-binding  factor  may  be  imponant,  not  only  for  the  activation  of  HIV  by  HSV, 
but  also  may  regulation  of  HSV  gene  expression  (Rabson,  Ostrove,  Gendelman,  Gimble, 
and  Max). 

Cytokine-induced  activation  of  HIV  expression  in  a  chronically  infected  promonocvte 
cell  line.  A  number  of  approaches  have  been  utilized  to  study  the  mechanisms  by  which 
the  expression  of  integrated  HIV  proviruses  in  a  cloned  promonocyte  cell  is  induced  by 
cytokine  treatment.  The  integrated  proviruses  present  in  the  cell  line  (U 1  cells)  was 
molecularly  cloned,  and  the  expression  of  one  was  shown  to  be  induced  by  cytokine 
treatment.  DNA  binding  studies  have  shown  that  the  activation  of  HIV  expression  by 
cytokines  in  Ul  cells  is  associated  with  the  induction  of  protein  which  interacts  with  to 
both  the  NT»cB  and  Spl  sites  in  the  HIV  LTR.  These  studies  will  permit  a  greater 
understanding  of  the  molecular  mechanisms  underlying  the  activation  of  which  latent  HIV 
proviruses  in  cells  of  the  monocyte  lineage  (Rabson,  Maury,  Clouse,  Folks,  and  Fauci). 

Infection  of  human  placental  tissue  by  HTV-l.  CD4  protein  can  be  demonstrated  by 
immunocytochemistry  on  a  number  of  different  cells  in  the  term  human  placenta, 
including  cells  lining  the  perimeter  of  chorionic  villi,  most  likely  of  trophoblastic  origin, 
cells  within  the  villous  stroma  (possibly  placental  macrophages  and  endothelial  cells. 
Organ  cultures  of  first  trimester  and  term  human  placenta  can  be  infected  by  HIV-1  as 
demonstrated  by  production  of  infectious  viral  particles  and  expression  of  viral  antigens 
within  cultured  placental  cells.  These  studies  demonstrate  that  human  placental  tissue  is 
directiy  infectable  by  HIV  and,  thus,  demonstrate  a  potential  route  of  in  utero 
transmission  of  HIV  from  an  infected  mother  to  her  offspring  (Maury,  Potts,  and  Rabson). 

Transcriptional  activitv  of  non-ecotropic  MuLV  sequences  in  wild  mice.  M-  SprClUS 
(Morocco)  contains  8  or  more  copies  of  cny  sequences  related  to  the  5'  cny  segment  of 
the  MCF  MuLV.   No  infectious  virus  is  produced  by  these  mice  and  Northern  blot 
analysis  of  RNAs  extracted  from  various  tissues  contain  no  detectable  retrovirus-rclatcd 
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RNAs.  However,  infectious  MCF  virus  could  be  isolated  5  weeks  after  inoculation  with 
ecotropic  MuLV  indicating  that  these  endogenous  sequences  could  contribute  to  the 
generation  of  replication  competent  MCF  MuLVs.  One  full-length  M-  spretus  provirus  has 
been  molecularly  cloned  and  the  LTR  partially  sequenced.  The  U5  and  R  regions  of  this 
LTR  resemble  those  of  other  MuLVs,  but  major  differences  were  observed  upstream  and 
downstream  of  the  direct  repeat  region.  This  LTR  has  no  promoter  activity  despite  the 
presence  of  a  TATAA  box,  and  experiments  are  underway  to  determine  if  any  negative 
regulatory  proteins  repress  its  function  (Villar,  Kozak). 

Characterization  and  sequencing  of  a  novel  leukemogenic  MuLV  from  Mus 
hortulanus.  A  novel  infectious  MuLV  was  isolated  from  the  wild  mouse  species  M- 
hortulanus.  HoMuLV  is  a  NB-tropic  ecotropic  MuLV  which  causes  lymphomas  in  female 
NIH  Swiss  mice  with  a  5-10  month  latency,  and  erythroleukemia  and  myelogenous 
leukemia  in  male  Swiss  mice  with  a  latency  of  12-16  months.  Sequencing  of  the  LTR, 
gag,  and  env  regions  of  HoMuLV  confirmed  that  it  differs  significantly  from  other  known 
murine  retroviruses.  Major  differences  were  noted  in  the  gp70  which  was  only  65% 
homologous  to  other  ecotropic  MuLVs,  and  in  the  pl2-gag  which  was  less  than  60% 
homologous  to  that  of  other  viruses.  Hybridization  studies,  employing  the  5'  region  of 
the  HoMuLV  gp70  as  a  probe,  clearly  show  that  HoMuLV  is  an  exogenous  infectious  agent 
which  is  not  transmitted  as  a  germline  provirus  in  any  strain  of  mice,  including 
Hortulanus  mice  (Voytek  and  Kozak). 

Genetic  mapping  of  mouse  chromosomal  genes.  Southern  blot  analysis  of  DNAs 
extracted  from  hamster  x  mouse  somatic  cell  hybrids  have  been  used  to  chromosomally 
map  various  genes  in  the  mouse  with  particular  emphasis  on  genes  involved  in 
oncogenesis.  Newly  mapped  genes  include  those  encoding  the  tumor  rejection  antigen 
gp96,  a  tumor-specific  integration  site  in  Abelson  MuLV  induced  lymphoma,  the  Fms  and 
Met  proto-oncogenes,  a  sequence  rearranged  with  Igk  in  a  mouse  myeloma,  and  a 
sequence  which  may  represent  the  ecotropic  MuLV  cell  surface  receptor.  Hybrid  cell 
lines  have  also  been  used  to  map  other  mouse  genes  including  those  for  various  lymphoma 
cell  surface  antigens,  spermatid  associated  proteins,  genes  related  to  Drosophila  heat 
shock  proteins,  and  the  mouse  homologue  for  the  Huntington's  disease  marker.  A 
subtractive  cloning  procedure  was  used  to  isolate  Piirkinje  cell  specific  cDNAs  and  these 
were  chromosomally  mapped  to  3  chromosomes  containing  neurological  markers  known  to 
affect  Purkinje  cell  development.  Finally,  hybrid  cells,  containing  single  mouse 
chromosomes,  have  been  used  to  prepare  a  gene  library  specific  for  chromosome  16 
(Kozak). 

A  putative  negative  control  region  in  MuLV  LTRs.  Two  novel  protein  binding  sites 
have  been  identified  near  the  5'  terminus  of  all  MuLV  LTRs,  upstream  of  the  enhancer 
region.  These  sites  were  present  in  a  highly  conserved  sequence  designated  as  the 
upstream  conserved  region  (UCR)  and  bound  nuclear  factors  designated  as  UCRF-L  and 
UCRF-U.  The  essential  binding  sequences  of  these  two  murine  factors  were  found  to  be 
distinct  but  overlapping.  Northern  analysis  of  five  different  mouse  strains  revealed  an 
inverse  correlation  between  MuLV  RNA  expression  and  UCRF-L  activity,  thus  suggesting 
a  negative  regulatory  function  of  UCRF-L  (Khan,  Krieg,  and  Flanagan). 

Expression  of  endogenous  retroviral-related  sequences  in  mammalian  tissues.  Brain, 
liver,  and  kidney  tissues  of  mouse  and  man  were  analyzed  for  expression  of  MuLV-related 
and  endogenous  human  (4-1 -related)  retroviral  sequences,  respectively.  In  both  cases, 
tissue-preferred  expression  was  seen:  kidney  >  brain  >  liver.  RNAs  were  expressed 
throughout  life  (18  day  embryo  to  28  months  of  age  in  case  of  the  Mus  musculus  wild 
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mouse  and  an  8  months  to  85  years  of  age  in  man)  and  increasing  with  age.  These 
results  may  indicate  a  relaxatioii  of  endogenous  retroviral  gene  expression  in  mammalian 
cells  with  aging  (Khan  and  Cuttler). 

Novel  application  of  polymerase  chain  reaction  used  to  clone  flanks  of  integrated 
proviruses.  Mouse  genomic  DNA  was  cut  with  Sail3A  and  the  small  fragments  cu-culanzed 
by  ligating  dilute  solutions  of  DNA.  Some  of  these  DNA  circles  contain  the  end  of  a 
long  terminal  repeat  (LTR)  sequence  linked  to  flanking  cellular  DNA.  The  Sm3A  circles 
were  then  restricted  with  Eill  which  cuts  near  the  end  of  the  LTR,  and  hence  linearizes 
circles  containing  LTR  plus  flank,  leaving  bits  of  LTR  sequence  on  either  side  of  what 
was  originally  flanking  cellular  DNA.  The  PCR  technique  was  then  used  to  amplify  these 
fragments.  (Silver,  Keenkatte) 

Monoclonal  antibodies  against  ras  proteins.  Monoclonal  antibodies  (Mabs)  against 
intact  cas  proteins  were  prepared  and  the  region  of  the  p21  molecule  encompassing  the 
epitope  recognized  by  each  antibody  was  determined.  Two  regions  (amino  acids  23-69  and 
89-106)  accounted  for  the  epitopes  of  80%  of  the  Mabs  raised,  indicating  that  those  are 
the  regions  most  exposed  at  the  molecular  surface  and  thus  the  most  immunogenic.  These 
Mabs  exhibited  signiflcandy  higher  affinity  than  other  known  ras  antibodies  and 
permitted  their  use  for  immunoaffinity  purification  of  ras  proteins  and 
immunohistochemical  studies  of  fixed  tissues  (Nebreda,  Alonso.  Bryan,  Santos). 

Quaternary  structure  of  ras  proteins.  The  use  of  radiation  inacrivation  techniques, 
molecular  cross-linking,  and  sedimentation  analyses  indicated  that  ras  gene  products  are 
organized  as  homo-oligomers.  This  finding  has  important  implications  for  the  role  of 
these  proteins  in  signal  transduction  indicating  that  ras  proteins  do  not  conform  to  the 
structure  of  monomeric  alpha  subunits  in  classical  G  proteins  and  suggest  that  activation 
of  p21  occurs  through  allostcric  subunit  reorientation  triggered  by  guanine  nucleotide 
binding  (Nebreda,  Bryan.  Santos). 

Ras  gene  products  and  the  inositol-lipid  signalling  pathway.  Specific  alterations 
were  observed  in  the  PI  cycle  of  ras- transformed  fibroblasts,  that  were  similar  to 
changes  effected  by  spontaneous  transformation  or  transformation  mediated  by  either 
membrane-associated  oncogenes  (sie,  msi  or  si)  or  the  cytoplasmic  oncogenes  mos  and 
naf.  The  nuclear  oncogenes,  fos  and  myc.  did  not  produce  these  changes.  The 
alterations  observed  included:  (a)  stimulation  of  phospholipase  A2  activity  and  (b)  specific 
uncoupling  of  surface  receptor- mediated  stimulation  and  activation  of  intracellular 
phospholipase  C.  These  findings  suggest  the  existence  of  common  biochemical  pathways 
for  transformation  by  cytoplasmic  and  membrane-associated  oncogenes  and  are  in  conflict 
with  the  notion  that  p21  cas  proteins  arc  G-likc  regulatory  elements  of  phospholipase  C 
or  phospholipase  A2  in  PI  signal  transduction  pathways.(Alonso,  Santos) 

Ras  proteins  and  cellular  phosphorylation.  Maturation  of  Xenopus  oocytes  induced 
by  microinjected  cas  proteins  is  associated  with  phosphorylation  of  specific  cellular 
substrates.   Ras  proteins  induced  the  phosphorylation  of  specific  proteins  that  were  not 
present  in  oocytes  treated  with  either  progesterone  or  insulin.  Furthermore,  unlike 
maturation  and  phosphorylation  triggered  by  those  hormones,  microinjected  cas  proteins 
produced  their  effects  in  the  absence  of  protein  synthesis.  These  observations  indicate 
that  cas  proteins  participate  in  signal  transduction  by  triggering  phosphorylation  of 
specific  cellular  substrates  and  suggest  that  they  may  regulate  cascades  of 
phosphorylation  involved  in  control  of  the  cell  cycle  (Nebreda,  Santos). 
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ADMINISTRATIVE  CHANGES 

During  the  past  year  three  members  of  the  LMM  scientific  staff  left  NIH  to  assume 
faculty  appointments  or  positions  at  other  research  institutions.  Dr.  Donald  Le  Blanc  was 
appointed  Professor  of  Microbiology,  University  of  Texas,  San  Antonio.  Dr.  C.  Jeffrey 
Smith  assumed  a  faculty  appointment  in  the  Department  of  Microbiology  and  Immunology, 
Medical  School,  East  Carolina  University  in  October  1987.  Dr.  Howard  Gendelman,  an 
Expert  in  LMM  for  two  and  a  half  years,  was  appointed  to  the  staff  of  Walter  Reed 
Army  Institute  of  Research  in  November,  1987,  where  he  will  continue  his  investigations 
of  HIV  infection  of  monocytes. 

E>r.  John  Silver  was  advanced  to  tenure  status  in  the  LMM. 

Three  post-doctoral  fellows  joined  the  Laboratory  for  research  training  including 
Drs.  James  Felser,  Eliza  Vicenzi,  and  Benjamin  Berkhout.  Dr.  Teh  Jaeng,  a  Senior  Staff 
Fellow  from  NCI  with  research  interests  involving  HTLV  I  and  HIV  gene  regulation, 
joined  LMM  in  August,  1988. 
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Recent  cffons  have  continued  in  characterization  of  the  biological  and  molecular 
features  of  Mycoplasma  genitalium.  in  anticipation  that  this  information  will  lead  to 
development  of  improved  methods  in  detection  of  the  organism  and  more  definite 
confurnation  of  its  role  in  human  disease.   Mycoplasma  genitalium.  fu-st  isolated  from  the 
urethra  of  two  men  with  nongonococcal  urethritis  in  our  laboratory  in  1980.  has  now 
been  found  retrospectively  in  throat  specimens  of  military  recruits  participating  in  an 
inactivated  M-  pneumoniae  vaccine  field  trial  in  1974-75.  Three  of  sixteen  preserved 
throat  isolates,  previously  identified  as  M-  pneumoniae,  have  now  been  shown  to  be 
mixtures  of  M-  pneumoniae  and  M-  genitalium.  Purification  of  these  mixed  mycoplasmas 
by  selection  of  single  colony  isolates  clearly  confirmed  the  presence  of  M-  genitalium. 
Identification  of  M-  genitalium  was  based  upon  the  occurrence  of  a  species-specific 
140  kDa  protein  adhesin  in  these  isolates  and  their  extensive  serologic  reactivity  to  a 
M-  genitalium  antiserum.  The  frequent  occurrence  of  both  M-  genitalium  and 
M-  pneumoniae  in  a  number  of  these  throat  specimens,  in  combination  with  the  shared 
serologic  reactions  between  these  two  mycoplasmas,  suggests  the  likelihood  that 
M-  genitalium  strains  might  be  easily  missed  in  current  diagnostic  laboratory  techniques. 
What  role  M-  genitalium  might  have  in  human  respiratory  disease  remains  to  be 
determined.  Funher  studies  on  other  mollicutes,  primarily  of  insect  origin,  have  led  to 
description  of  new  species  of  Acholeplasma.  the  isolation  of  acholeplasmas  from  human 
amniotic  fluid,  revised  reclassification  of  helical  mollicutes  (spiroplasmas).  and  an 
enlarging  group  of  other  mollicutes  that  have  been  difficult  to  assign  to  established 
taxonomic  groups. 
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Two  types  of  transgenic  mouse  systems  were  developed  for  investigations  dealing 
with  the  in  vivo  expression  of  human  immunodeficiency  virus  (HIV)  gene  products.  The 
first  utilized  the  HIV  long  terminal  repeat  linked  to  the  bacterial  gene,  chloramphenicol 
acetyl  transferase  (CAT).  The  four  transgenic  strains  obtained  all  exhibited  spontaneous 
expression  of  CAT  in  the  thymus,  lens  epithelium,  spleen,  heart,  and  the  skin. 
Fractionation  of  ear  skin  from  transgenic  animals  indicated  that  very  high  constimtive 
levels  of  CAT  activity  occurred  in  Langerhans  cells.  The  latter  are  highly  differentiated 
dendritic  macrophages  which  comprise  2  -  5%  of  epidermal  cells  and  actively  produce 
virus  in  HTV  positive  individuals. 

Transgenic  animals  were  also  constructed  which  contain  intact  copies  of  the  HIV 
proviral  DNA.  iProgeny,  resulting  from  the  mating  of  one  of  the  5  founder  animals  to  a 
non-transgenic  mouse,  develop  an  AIDS-like  syn(&ome  consisting  of  lymphadenopathy,  a 
lung  disease  characterized  by  accumulation  of  lymphocytes  around  blood  vessels,  a 
psoriasis-like  skin  disease,  retarded  development,  and  death  by  day  28  of  life. 
Non-transgenic  littermates  never  develop  the  disease  syndrome.  HTV  has  been  recovered 
from  skin,  lymph  nodes  and  spleen.  Immunologic  studies  indicate  no  depletion  of  the  Leu 
3/T4  subset  of  mouse  T  cells  in  the  affected  animals. 


13-11 


PHS  6040  (Rav.  1/84) 


avo  ti4-«ii 


OEPAflTMENT  OF  HEALTH  AND  HUMAN  SERVICES  •  PUBLIC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT  zO\  AI-00218-07-LMM 


peaiOC  COvEREC 

October  1.  1987  to  September  30.  1988 


Biochemical  and  Chemical  Studies  on  Retroviral  DNA. 


PI:              Roy  Rcpaskc  Research  Chemist  LMM,  NIAID 

Others:       Francois  Clavell  Visiting  Fellow  LMM,  NIAID 

Sundarajan  Venkatesan  Expen  LVLM.  MAID 

M.  David  Hoggan  Senior  Scientist  LMM,  NIAID 

Ron  L.  Willev  Biologist  LMM.  NIAID 

Malcolm  A.  Martin  Chief  LMM,  NIAID 

COOPERATiNO  UNITS  i/f  f^vi 

Janet  Hanley,  Research  Microbiologist,  LVD,  NIAID:  Richard  J.  Feldmann.  CR.  DRT 


L>a>  BRANCH 

Laboratory  of  Molecular  Microbiology 


SECTION 

Biochemical  Virology 


INSTlT'jTE  ANO  wOCATION 

NIAID.  NIH.  Bethesda,  MD  20892 


TOTAL  VtAN-^EARS  PROFESSIONAL 

3  2 


Check  APOOOPRiATE  SCXiESi 

L.  (a)  Human  suDjects            C  (b)  Human  tissues           C  (c)  Neither 
C   (al)  Minors 
G   (a2)  Interviews  


SUMUARV  OP  vvORK  rUM  tianavn  unrwjuc^a  ryp»   Do  noi  twc—a  m«  spacm  onvKfa ) 

Six  conserved  amino  acids  are  found  in  an  alignment  of  E-  £2ii  RNase  H  with  the 
C-terminal  region  of  Moloney  murine  leukemia  virus  (M-MuLV)  reverse  transcriptase  (RT)  and 
other  retroviral  pd  sequences.  Functional  significance  of  selected  amino  acids  in  the 
putative  RNase  H  domain  of  reverse  transcriptase  (RT)  was  determined  in  partially  purified 
cloned  M-.MuLV  RT  expressed  in  £.  qoh  and  in  infectious  molecularly  cloned  M-MuLV  after 
amino  acid  substitutions  were  made  by  site-directed  mutagenesis.  Modification  of  either  of 
two  conserved  aspartic  acid  residues  resulted  in  greater  than  25-fold  loss  of  RNase  H 
activity.  One  of  these  mutant  enzymes  exhibited  normal  RNA  dependent  polymerase  activity, 
whereas  polymerase  activity  (dTTP  and  dGTP  incorporation)  was  reduced  50%  in  the  other. 
.MuLV  proviruscs  containing  either  of  these  modifications  were  replication  defective. 
Infectious  ecotropic  virus  phenotypically  similar  to  M-MuLV  could  be  rescued  by  co-infection 
or  co-transfection  with  competent  amphotropic  or  MCF  MuLVs.  These  findings  suppon  the 
localization  of  the  RNase  H  domain  in  RT,  show  that  a  single  amino  acid  substitution  can 
selectively  suppress  RNase  H  activity,  and  confirm  the  requirement  for  RNase  H  for  viral 
replication.  Genetic  recombination  between  two  defective  Human  Immunodeficiency  Virus 
(HIV)  sequences  has  been  demonstrated.  Three  different  replication  defective  proviruses 
constructed  by  site-directed  mutagenesis  of  the  lai,  im.  or  cny  regions  of  an  infectious  HIV 
molecular  clone  were  used.  A  cell  line,  8E5,  carrying  a  pol  defective  endogenous  HIV 
provirus  was  transfected  with  each  of  three  mutants.   Infectious  virus  was  recovered  after 
transfection  with  lai  or  cnY  mutants  and  were  plaque  purified.  Restnction  mapping  of  viral 
DNA  isolated  from  cells  infected  with  these  biologically  cloned  recombinant  viruses  indicated 
multiple  crossing  over  events  had  occurred  to  generate  infectious  virus. 
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Utilizing  a  variety  of  analytical  methods  (statistical,  numerical,  and  sequence  homology 
studies)  an  evaluation  of  the  variation  in  retroviral  proteins  produced  by  both  murine  and 
■human  (HIV)  viruses  has  been  performed.  These  studies  have  attempted  to  define 
conserved  and  variable  regions  of  both  the  murine  and  human  viral  genes.  In  this  way 
portions  of  retroviral  genes  that  might  be  essential  for  viral  replication  (i.e.  conserved) 
have  been  identified.  These  regions  are  candidate  areas  for  mutagenesis  studies  directed 
toward  the  understanding  of  and  the  intervention  in  viral  replication. 

Microcomputer  software  has  been  developed  to  allow  a  rapid  and  accurate  analysis  of 
gene  mapping  studies.  When  applied  to  data  obtained  in  studies  utilizing  DNA  from 
mouse-CHO  hybrid  cell  lines  successful  results  were  obtained. 
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Analysis  of  the  genetic  basis  of  virus  induced  neoplastic  disease  has  led  to  the 
identification  of  many  chromosomal  genes  involved  in  these  processes.  Although  most  of 
these  studies  rely  on  use  of  the  various  inbred  strains,  we  have  begun  to  analyze  a 
number  of  wild  mice  for  infectious  MuLVs  and  for  susceptibility  to  virus  induced  disease. 
We  have  identified  a  novel  infectious  MuLV,  termed  HoMuLV,  found  in  the  European  wild 
mouse  M-  hortuianus.  HoMuLV  has  an  ecotropic  host  range  and  induces  neoplastic 
disease  in  NIH  Swiss  mice.  HoMuLV  was  molecularly  cloned  and  sequenced,  and  its  gp70 
and  several  gag  proteins  were  shown  to  differ  substantially  from  those  of  the  known 
ecotropic  MuLVs.  In  another  series  of  experiments,  we  examined  various  wild  derived 
mice  which  contained  few  copies  of  a  single  type  of  germline  provirus  for  susceptibility 
to  virus  induced  disease.   In  particular,  M-  spretus  does  not  produce  infectious  virus  nor 
docs  it  express  detectable  levels  of  retrovirus-related  RNA.   However,  this  mouse 
produces  infectious  MCF  recombinant  virus  5  weeks  after  inoculation  with  MCF  MuLV 
and  develops  lymphoma  within  16  weeks.  Thus,  this  mouse  contains  the  endogenous 
sequences  which  can  contnbute  to  the  generation  of  leukcmogenic  MuLVs.  One  germline 
sprerus  provirus  has  been  molecularly  cloned  and  is  being  characterized. 
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Numerous  chromosomal  genes  have  been  identified  which  are  involved  in 
retrovirus-induced  disease  and  the  transmission  of  retroviral  genes  in  the  inbred  mouse. 
Genetic  mapping  of  these  genes  to  specific  mouse  chromosomes  has  been  accomplished  by 
the  analysis  of  Chinese  hamster  x  mouse  somatic  cell  hybrids  each  of  which  contains 
different  mouse  chromosomes.  In  some  cases,  genes  have  also  been  mapped  to 
subchromosomal  regions  or  to  specific  map  locations  along  these  chromosomes  by  use  of 
classical  Mendelian  crosses.  These  studies  have  led  to  the  chromosomal  mapping  of  genes 
encoding  the  tumor  rejection  antigen  gp96,  the  Fms  and  Met  proto-oncogenes  and  a 
sequence  which  may  represent  the  ecotropic  MuLV  cell  surface  receptor.  The  somatic 
cell  hybrids  have  also  been  used  to  map  other  chromosomal  genes  for  which  cloned 
probes  are  available.  Most  recently,  we  have  mapped  genes  for  spermatid  associated 
proteins,  genes  related  to  Drosophila  heat  shock  proteins,  P450  cytochromes,  and  several 
T  lymphocyte  antigens. 
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As  pan  of  our  study  of  proviral  integration  sites,  we  have  developed  a  novel 
application  of  the  polymerase  chain  reaction  (PCR)  technique  which  allows  us  to  amplify 
small  segments  of  DNA  adjacent  to  a  region  of  known  sequence.  The  basic  idea  is  to 
cut  the  DNA  with  a  frequent  cutdng  restriction  enzyme  such  as  Sm3A  and  then  to 
circulanzc  these  fragments.  Oligonucleotides  complementary  to  opposite  strands  of  DNA 
from  the  region  of  known  sequence  and  poindng  5'— ^3'  away  from  each  other  in  the 
onginal  configuration  of  the  linear  DNA  are  then  used  to  amplify  the  portion  of  the 
Siu3A  circle  which  contains  the  region  of  unknown  sequence.  In  our  case,  we  are  using 
this  method  to  clone  cellular  DNA  flanking  integrated  proviruses.  but  the  method 
promises  to  be  widely  applicable  to  other  situadons  in  which  one  would  like  to  clone 
DNA  adjacent  to  a  previously  identified  region,  such  as  in  "walking"  or  "jumping"  along  a 
chromosome,  or  in  cloning  the  control  region  upstream  of  an  mRNA  (cDNA)  start  site. 
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Mammalian  genomes  contain  multiple  copies  of  retroviral-related  sequences.  The  majority 
of  these  are  defective  for  virus  expression;  however,  some  can  produce  subgenomic  RNAs. 
Age-dependent  expression  of  endogenous  retroviral  sequences  was  studied  in  Mus  musculus 
wild  mouse  and  man  using  endogenous  MuLV  and  human  4- 1  DNA  probes.  In  both  cases 
transcripts  were  detected  in  kidney,  brain,  and  Iver  tissues,  but  expression  was  highest  in  the 
kidney.  MuLV-related  RNAs,  8.4  kb,  3.0  kb,  and  1.8  kb  were  seen  throughout  life  (18  day  old 
embryo  -  28  months  of  age)  and  increased  with  age.  Transcripts,  3.0  kb  and  1.8  kb,  were 
seen  in  human  tissues  from  8  month  old  fetus  -85  years  of  age.  These  RNAs  also  appeared 
to  increase  with  age.  The  results  suggest  a  relaxation  of  gene  control  in  mammalian  cells 
with  aging. 

A  novel  5.0  kb  retrotransponson-like  element,  B-13,  was  cloned  from  BALB/c  mouse 
embryo  DNA  and  sequenced.  It  was  distantiy  related  to  known  MuLV  DNAs:  <75%  homology 
was  seen  in  the  gag  and  pol  regions;  env  sequences  were  absent.  Two  other  cloned  DNAs 
isolated  from  the  BALB/c  mouse  genome  contained  B-13-like  genes  but  different  flanking 
cellular  sequences.  Several  copies  of  B-13-related  genes  were  detected  in  inbred  and  closely 
related  wild  mouse  genomes.  These  results  indicate  that  B-13-like  elements  are  amplified  and 
dispersed  in  the  mouse  genome.   . 

Two  novel  protein  binding  sites  were  identified  at  the  5'  end  of  all  MuLV-related  LTRs 
using  30  bp  oligomers  as  probes  in  gel  mobility  shift  assays.  These  highly  conserved  sites 
were  present  upstream  of  the  enhancer  in  a  region  designated  as  the  upstream  conserved 
region  (UCR)  and  bound  nuclear  factors  designated  as  UCRF-L  and  UCRF-U.  UCRF-L  was 
the  prominent  species  in  murine  tissues  whereas  UCRF-U  predominated  in  cell  lines. 
Northern  analysis  of  5  different  mouse  strains  indicated  a  good  inverse  correlation  between 
MuLV  RNA  expression  and  UCRF-L  activity.  This  relationship  was  seen  in  case  of  both 
spontaneous  and  LPS-induced  MuLV  RNAs.  These  results  suggest  a  negative  regulatory 
function  of  UCRF-L  in  MuLV  gene  expression. 
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Site-specific  mutagenesis  was  used  to  introduce  amino  acid  substitutions  at  the 
asparagine  codons  of  four  conserved  N-linked  glycosylation  sites  within  the  gpl20 
envelope  protein  of  human  immunodificiency  virus  (HIV).  One  of  these  alterations 
resulted  in  the  production  of  noninfectious  virus  panicles.  The  amino  acid  substitution 
did  not  interfere  with  the  synthesis,  processing  or  stability  of  the  env  gene  polypeptides 
gpl20  and  gp41  or  the  binding  of  gpl20  to  its  cellular  receptor,  the  CD4  molecule. 
Vaccinia  virus  recombinants  containing  wild-type  or  mutant  HIV  eny  genes  readily 
induced  syncytia  in  CD4  positive  HeLa  cells.  These  findings  indicate  that  alterations 
affecting  the  second  conserved  domain  of  the  HIV  gpl20  interfere  with  an  essential  early 
stq)  in  Uic  vinis  replication  cycle  other  than  binding  to  the  CD4  receptor. 

A  16  kilodalton  protein  expressed  in  HIV-l  producing  cells  was  identified  as  the  gene 
product  of  the  "U"  open  reading  frame  (ORF).  When  expressed  in  vitro,  this  81  amino 
acid  protein  (vpu)  reacted  with  about  one-third  of  the  serum  samples  obtained  from  HIV 
infected  individuals,  indicating  that  vpu  is  expressed  in  vivo  as  well.   Introduction  of  a 
frame-shift  mutation  into  the  vga  ORF  did  not  significandy  interfere  with  the  synthesis 
of  the  major  viral  proteins  in  a  transient  expression  system.  However,  a  five  to  ten- fold 
reduction  in  progeny  virions  was  observed  after  infection  of  T-lymphocytes  with  the 
mutant  virus.  These  data  suggest  that  the  vj^u  protein  is  required  for  efficient  virus 
replicauon  and  may  have  a  role  in  assembly  or  maturation  of  progeny  virions. 
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The  Study  of  Morphogenesis  of  HIV  particles  in  various  host  cells  with  various 
isolates  and  mutant  virus  strains  continues  to  provide  an  interesting  insight  into  HIV 
infection  and  remains  an  important  tool  in  correlating  biological  changes  with  genetic 
variation.  U  gene  mutants  of  HIV  demonstrate  considerable  differences  from  wild-type 
virus  when  examined  at  7  days  with  many  cells  showing  intracytomplasmic  immature 
particles  while  WT  virus  shows  a  few  cells  with  typical  mature  particles  budding  off  the 
cell  membrane.  By  day  10,  U  mutant  virus  is  seen  budding  from  many  cells  but  only  a 
rare  mature  form  is  seen. 

HTV  has  been  shown  to  replicate  in  rlabbit  cells  with  the  production  of  RT  and 
typical  mature  particles  budding  from  the  cell  surface. 

Several  molecular  clones  of  different  HTV  strains  have  shown  different  plaque 
morphologies  when  grown  in  MT-4  cells  while  littie  or  no  difference  can  be  seen  when 
observed  in  the  EM  after  growth  in  A3.01,  MT-4  or  PBL  cell  cultures. 

Both  rabbits  and  guinea  pigs  have  been  used  to  raise  antibodies  against  various 
molecular  clones  of  HTV  which  can  be  demonstrated  by  Western  blot  analysis. 

The  MT-4  Plaque  test  has  been  used  to  demonstrate  recombination  between  different 
HIV  mutants  with  defects  in  different  genes. 
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p21  tas  proteins  and  cellular  signal  transduction  systems.-  ras  genes  belong  to  a 
multigene  family  showing  high  degree  of  conservation  which  suggests  that  they  have 
essendal  cellular  functions.  The  similarities  of  ras  proteins  with  the  class  of 
guanine-nucleotide  binding  (G)  proteins  suppon  the  notion  that  ras  gene  products 
participate  in  internalization  of  extracellular  signals. 

However,  ras  proteins  are  not  G-type  regulatory  components  of  mammalian  adenylate 
cyclase.  In  addition  we  recentiy  showed  that  they  are  neither  direct  regulatory  elements 
of  phospholipase  C  nor  of  phospholipase  A2  in  inositol-lipid  signalling  pathways. 
Furthermore,  by  using  radiation  inactivation,  we  have  also  demonstrated  that  nas  proteins 
have  an  homooligomeric  structure  which  does  not  conform  to  the  structure  of  monomeric 
alpha  subunits  in  classical  G  proteins  (aPy  heterotrimers). 

Cascades  of  phosphorylation  may  constitute  alternative  efficient  systems  to  transmit 
cellular  signals.  We  have  recentiy  found  that  meiotic  maturation  of  Xenopus  oocytes 
induced  by  microinjected  oiS  proteins  is  associated  with  phosphorylation  of  specific 
cellular  substrates.  These  observations  indicate  that  cas  proteins  participate  in  signal 
transduction  by  triggering  phosphorylation  of  specific  cellular  substrates  and  suggest  that 
these  proteins  may  regulate  cascades  of  phosphorylation  involved  in  control  of  the  cell 
cycle. 
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The  genome  of  the  human  immunodeficiency  virus  (HIV),  the  etiological  agent  of 
AIDS,  codes  for  several  polypeptides  by  means  of  an  extremely  complex  scheme  of  mRNA 
biogenesis.  Using  defined  antisera,  we  have  purified  and  sequenced  pol  ORF  encoded 
proteins,  both  from  extracellular  virus  and  cellular  lysates.  Previously,  we  identified  and 
sequenced  the  p64  and  p5 1  RT  subunits  of  gag  and  gol  ORF  as  well  as  the  p34,  the 
putative  integration  protein,  mapping  near  the  C-terminus  of  the  pol  RT.  We  have 
extended  this  project  and  sequenced  a  plO  gag-pol  protease  responsible  for  the  processing 
of  the  gag  and  gag-pol  fusion  protein.  A  protein  of  similar  size  and  identical  N-terminal 
sequence  (determined  through  the  first  39  residues)  was  present  among  the  processed  HIV 
polgene  products  in  E.  cqU  expressing  the  entire  HTV  pol  ORF.  Although  the  purified 
viral  protease  lacked  measurable  proteolytic  activity,  the  bacterial  extracts  were  capable 
of  processing  an  HTV  gag  precursor  protein  synthesized  in  E.  eoU.  We  have  also 
developed  a  sensitive  assay  for  the  protease  using  defined  oligopeptides  and  this  will 
enable  us  to  screen  several  protease  inhibitors  as  potential  antiviral  drugs. 
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To  facilitate  studies  of  the  effects  of  expression  of  HIV  envelope  proteins,  we  made 
an  expression  vector  by  deleting  segments  of  gag  and  pol  genes  from  the  infectious  HIV 
provirus  clone  pNL4-3.   Following  transfection  of  this  clone  into  a  variety  of  human  cell 
lines.  HIV  envelope  proteins  are  made  in  amounts  comparable  to  those  made  after 
transfection  of  wild-type  HIV  proviral  DNA.  A  syncytia  assay  was  developed  which 
detects  HIV  envelope  proteins  following  transfection  of  HIV  envelope-expressing  plasmid 
DNAs  into  a  modified  HeLA  cell  line  which  expresses  on  its  surface  the  HIV  receptor 
molecule  CD4.   Using  this  assay,  we  found  that  mutations  in  two  portions  of  the  HIV  gny 
gene  ablate  syncytia  formation:  a  region  of  the  cny  gene  which  is  necessary  for  binding 
to  CD4,  and  a  hydrophobic  region  at  the  amino  terminus  of  the  gp41  eny  peptide.  We 
plan  to  use  these  envelope  mutants  to  study  the  effects  of  long  term  HIV  envelope 
expression  in  CD4  positive  cells,  with  particular  interest  in  how  the  HIV  envelope  affects 
expression  of  CD4  and  infectibility  by  HIV. 
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Heterogeneity  among  AIDS  retroviral  genomes  has  been  clearly  demonstrated.  We 
have  used  molecular  cloning,  restriction  enzyme  analysis,  and  nucleotide  sequencing 
techniques  to  characterize  isolates  of  the  Human  Immunodeficiency  Virus  (HIV).  These 
studies  may  provide  data  regarding  their  structural  as  well  as  geographic  diversity,  and 
possibly  the  degree  of  antigenic  variation  and  pathogenicity  among  different  HIV  isolates. 
Since  African  isolates  as  a  group  are  more  diverse  than  those  of  North  America  and 
Europe,  we  molecularly  cloned  an  African  (Zaire)  HIV  isolate.  This  clone  contained  a 
single  LTR  (9.2  KB  genome)  and  upon  transfection  into  lymphocytes,  infectious  virus 
particles  were  produced  after  14  days.  Reverse  Transcriptase  (RT)  activity  resembled 
that  of  the  constructed  infectious  clone  (PNL  4-3),  and  upon  passage  onto  fresh 
lymphocytes,  displayed  similar  RT  kinetics  as  PNL  4-3.  The  complete  nucleotide  sequence 
of  this  infectious  molecular  clone  is  now  being  analyzed  and  attempts  to  prepare  antisera 
to  this  African  isolate  for  neutralization  tests  are  in  progress. 
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The  trans-complementation  of  a  replication  defective  human  immunodeficiency,  type  1 
(HIV-1),  an/irs  negative  mutant  provirus  by  the  art/trs  protein  was  characterized  by 
amplified  viraJ  replication.  The  enhanced  crans-activation  was  unique  to  the  art/trs 
mutant,  whose  phenorype  was  distinguished  by  accumulation  of  HIV-1  B(3')-0RF  and  tai 
proteins  and  virtual  lack  of  viral  structural  protein  synthesis.  The  virus  produced  by 
trans-complementation  was  not  infectious  for  CDA+  lymphocytes  and  the  rescued 
phenotype  could  not  be  passaged  by  cocultivation  of  transfectants  with  CD4-t-  lymphocytes 
thus  eliminating  the  possibility  that  the  mutation  was  rescued  by  recombination.  The 
magnitude  of  cransactivation  of  mutant  provirus  was  relatively  constant  over  a  wide 
range  of  art/trs  expressing  cDNA  (0.5-20  |ig).  an/tCS  protein  was  also  absolutely 
required  for  the  transient  expression  of  sny  gpl60  from  subgenomic  plasmids  containing 
HIV  £ny  ORF  (in  the  spliced  or  presliced  configuration)  fused  to  either  HIV  LTR  or  an 
heterologous  promoter. 

The  3'(B)-0RF  product  of  the  Human  Immunodeficiency  Virus  type  1  (HIV-1)  was 
shown  to  be  a  negative  regulator  of  HIV-1  replication.   B  ORF  mutant  proviruses 
replicated  more  vigorously  than  their  standard  counterpans  during  transient  expression  in 
a  variety  of  nonlymphoid  and  lymphoid  cell  lines.  The  B  ORF  product  supplied  in  trans 
as  an  expressible  cDNA,  suppressed  in  a  dose-dependent  manner,  the  standard  replication 
of  wild  type  provirus  and  the  enhanced  replication  of  B  ORF  mutant  proviruses. 
Transient  expression  of  reponer  genes  that  were  linked  to  the  HIV  LTR  was  also 
repressed  by  cocxprcssion  of  B  ORF.  The  negative  effect  of  B  ORF  was  mediated  by  a 
concentration  dependent  inhibition  of  transcription  from  HIV-1  LTR  containing  a  to  be 
negative  regulatory  clement,  located  between  340  and  156  nucleotides  upstream  of  the 
RNA  initiation  site. 
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National  Institute  of  Allergy  and  Infectious  Diseases 
Summary  -  October  1 ,  1 987  -  September  30.  1 988 

ADMINISTRATIVE  AND  ORGANIZATIONAL  EVENTS 

As  this  report  is  being  prepared  we  are  bracing  for  the  big  move  to  renovated 
facilities  in  Building  4.  Undoubtedly  there  will  be  some  complaints  and  disappointments, 
but  we  are  grateful  for  the  efforts  by  everyone  who  has  labored  so  hard  to  make  the 
move  possible. 

Professional  personnel  who  left  this  fiscal  year  include:  Dr.  Russell  Howard,  a 
Visiting  Scientist  who  had  been  approved  for  tenure  at  NIH,  and  who  had  earned  a 
position  of  research  leadership  in  LPD,  resigned  to  take  a  position  and  join  his  wife  at 
DNAX  in  Palo  Alto,  California.  Medical  Staff  Fellows  Richard  Davey  has  taken  a  position 
with  LIR  for  clinical  work  on  AIDS;  Rodney  Adam  takes  up  a  faculty  position  in 
Infectious  Diseases  at  Univ.  of  Arizona;  Steve  Puentes  will  be  on  the  faculty  at  Univ.  of 
California  Los  Angeles.  Visiting  Associate  Paul  Bates  returned  to  the  U.K.  to  a  position 
at  the  Univ.  of  Glasgow,  and  Guest  Researcher  Maurice  Odera  returns  to  his  job  in 
Kenya.  We  were  saddened  and  will  greatly  miss  long-time  LPD  research  assistant  Elwood 
Claggett  who  succumbed  to  a  chronic  illness. 

There  has  been  considerable  turnover  in  secretarial  staff  in  the  last  year:  Wilma 
Davis  left  to  take  another  position  in  BIdg.  31 ;  Linda  Sacchetti  moved  into  an 
administrative  job  with  NIAID  Intramural;  and  Jeanne  Carolan  took  a  Lab  Chief's 
secretarial  position  in  NCI.  After  a  long  period  of  recruiting  difficulties,  we  finally  seem 
to  be  settled  with  excellent  help  from  Gerri  Carter  as  Chief's  secretary,  Sheryl  Rathke  as 
Editorial  Assistant,  Tracy  Venison  and  temporaries  Laurie  Dixon  and  Veronique  Rynn. 

New  personnel  coming  to  LPD  include  the  following:  Two  Medical  Staff  Fellows 
Amy  Klion  and  Bach-Yen  Nguyen,  the  latter  to  spend  most  of  her  first  year  on  the  wards 
in  LCI.  Two  other  Medical  Staff  Fellows  who  came  to  LPD  from  LCI  are  Chris  King  and 
Steve  Dolin.  David  Peterson  is  an  IRTA  Fellow  and  John  Adams  a  Staff  Fellow,  both  of 
whom  join  the  Malaria  Section  of  LPD.  Klaus  Sieber  is  another  new  Staff  Fellow  in  the 
Malaria  Section.  Guest  Researchers  on  short  term  appointments  include  Alok  and  Sudha 
Bhattacharya  from  India,  Rabia  Hussain  from  Pakistan,  and  John  Dalton  from  Ireland. 

During  the  past  year  Dr.  Keith  Joiner  and  his  group  in  LCI  were  transferred 
administratively  to  LPD  as  a  Unit  on  Microbial  Pathogenesis.  Much  of  the  research  work 
of  this  group  is  focused  upon  the  role  of  serum  complement  in  reacting  with  parasites 
and  in  parasite  interactions  with  host  cells.  There  has  been  and  continues  to  be  a  good 
deal  of  research  collaboration  between  Dr.  Joiner's  group  and  LPD  staff. 

The  travel  of  LPD  staff  to  scientific  meetings  abroad  will  not  be  listed  here. 
However,  as  usual,  there  was  considerable  foreign  travel  by  members  of  LPD  to  carry  out 
research  work.  Dr.  Ottesen  went  to  Madras.  India,  to  help  carry  out  treatment  trials  of 
lymphatic  filariasis  with  Ivermectin.  Dr.  Nutman  and  Freedman  worked  on  onchocerciasis 
in  Guatemala.  Dr.  Cheever  spent  several  weeks  in  the  Sudan  participating  in  the  Univ. 
of  Michigan  State's  schistosomiasis  project  there.  Dr.  Melby  worked  in  Patna,  India,  on 
leishmaniasis.  Dr.  Gwadz  went  to  Mali,  West  Africa,  to  investigate  possibilities  for  LPD 
to  work  on  malaria  vectors  there;  he  also  was  in  Egypt  and  Israel  as  an  advisor  to  their 
cooperative  research  project.  Dr.  Ballard  went  to  Honduras  for  collection  of  research 
specimens  and  Dr.  Neva  also  went  to  Honduras  for  work  on  leishmaniasis. 
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HONORS  AND  AWARDS: 

In  addition  to  service  on  NIH  or  NIAID  committees,  which  seem  to  require  more  and 
more  staff  time,  many  of  the  professional  staff  serve  on  WHO  and/or  TDR  Expert 
Committees,  or  on  Ad  Hoc  Committees  for  vanous  granting  agencies  or  foundations. 
They  are  also  invited  to  participate  in  meetings  or  workshops  and  spend  a  great  deal  of 
time  reviewing  manuscnpts.  Such  recognition  and  honors  are  too  numerous  to  be 
individually  cited. 

However,  specific  mention  is  warranted  for  the  following  items  of  special 
recognition  or  honor: 

Dr.  Allen  Cheever  was  the  recipient  of  the  Outstanding  Service  Medal  of  the 
USPHS. 

Dr.  Louis  Miller  was  an  invited  speaker  for  celebration  of  the  100th 
anniversary  of  the  Pasteur  institute  in  Paris  and  also  again  an  invited  speaker 
to  the  English  Medical  Research  Council  Seminar  Series  --  both  in  October 
1987. 

Dr.  Miller  was  elected  next  President  of  the  American  Society  of  Tropical 
Medicine  and  Hygiene. 

Dr.  Thomas  McCutchan  was  promoted  from  GS-13  to  GS-14  Microbiologist. 
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Research  Progress 

IMMUNOREGULATION       Similar  mechanism  found  for  high  IqE  in  filariasis  and  a  non- 
IN  FILARIAL  parasitic  hyper-lgE  syndrome.  Extremely  high  serum  IgE  levels 

INFECTIONS  are  characteristic  of  certain  filarial  disease,  but  also  are  seen 

in  some  non-parasitic  diseases  such  as  Job's  syndrome.  As 
reported  last  year,  T-cell  clones  derived  from  these  patients  were  found  to  be  making 
large  amounts  of  IgE  binding  factors.  But  one  of  these  clones  was  also  found  to  produce 
large  amounts  of  IL-4,  along  with  a  B  cell  growth  factor.  Since  T  cell  products,  such  as 
IL-4  and  y  interferon,  are  likely  to  regulate  IgE  response,  INF-y  was  found  to  down 
regulate  the  IgE  response  in  patients  with  hyper-lgE  states.  The  effect  was  T-cell 
independent  and  isotype  specific.  By  contrast,  IL-4  appears  to  have  an  opposite  effect 
on  human  lymphocytes,  causing  a  marked  enhancement  of  the  IgE  response.  Preliminary 
results  suggest  that  regulation  of  serum  lgG4  levels  is  similar  to  that  of  IgE  (Nutman  and 
Gallin  of  NIAID  and  Delepesse  of  Univ.  of  Montreal). 

Definition  of  humoral  and  cellular  subclasses  in  filariasis  and  onchocerciasis.  The 
various  clinical  manifestations  of  filariasis,  which  are  known  to  reflect  different  pathways 
of  immune  response,  are  also  characterized  by  differences  in  IgG  subclass  responses  to 
the  parasite.  In  comparing  elephantiasis  patients  vs.  those  with  microfilaremia,  IgGI  and 
lgG2  responses  to  adult  worm  antigens  by  immunoblotting  were  comparable.  However, 
lgG3  responses  to  numerous  parasite  antigens  were  prominent  in  the  elephantiasis  group 
but  essentially  non-existent  in  the  microfilaremics.  Conversely,  lgG4  responses  were  very 
prominent  in  the  microfilaremics  but  virtually  absent  in  those  with  elephantiasis  (Ottesen, 
Nutman,  and  Hussain  of  LPD  and  Kumaraswami  of  India). 

Immunologic  unresponsiveness  in  filariasis  patients.  From  previous  work  it  is  well 
known  that  ceratin  patients  with  filariasis  (microfilaremics)  have  T-cell  anergy,  while 
others  (chronic  elephantiasis  and  occult  filariasis)  have  good  T-cell  responses  to  crude 
filarial  worm  antigens.  Similar  T-cell  unresponsiveness  was  found  in  a  group  of  patients 
with  active  onchocerciasis.  Using  a  model  of  in-vitro  antibody  production,  this  failure  of 
specific  immune  response  was  also  shown  to  exist  at  the  B-cell  level.  Since  some  of  the 
anergic  patients  have  circulating  antigens  containing  phosphocholine  (PC)  determinants, 
the  immunosuppressive  properties  of  PC  are  being  investigated  (Nutman  and  Ottesen). 

IMMUNODIAGNOSIS,         Molecular  definition  of  filarial  antigens.  Because  crude  filarial 
CHEMOPROPHYLAXIS      antigens  are  often  cross  reactive  with  other  helminth  parasites, 
AND  TREATMENT  OF        and  antigens  from  specific  stages  of  the  parasite  may  be 
FILARIASIS  limited  in  amount,  efforts  have  turned  to  obtain  specific 

parasite  antigens  from  cloned  gene  products.  For  example,  one 
clone,  a  125  kD  fusion  protein,  obtained  from  crude  onchocerca  adult  worm  antigen, 
appears  to  distinguish  between  sera  from  immune  individuals  vs.  those  infected  with  the 
parasite.  A  cDNA  library  has  been  prepared  from  W.  bancrofti  microfilaria,  and  a  clone 
from  B.  malavi  has  been  shown  to  stimulate  T-cells  of  infected  patients;  this  latter  clone 
has  been  fully  sequenced  and  peptides  with  putative  T  cell  recognition  sites  are  being 
sequenced  (Nutman,  Raghavan,  Colina  and  Ottesen  of  LPD  with  Rajan  and  Arasu  of  New 
England  Biolabs).  By  Western  blotting  sera  of  patients  with  onchocerciasis  recognize  a 
12  kD  antigen  that  seems  to  be  specific  and  a  22  kD  antigen  is  preferentially  seen  by 
loiasis  patients  (Nutman  and  Ottesen  of  LPD  with  collaborators  in  Madras,  India  and 
Guatemala).  A  43  kD  antigen  derived  from  infective  larval  (L3)  B.  malayi  was  found  to 
show  promising  specificity  in  Western  blots  in  identifying  protective  antibody  against  W. 
bancrofti.  Because  of  the  scarcity  of  L3  material  from  B.  malayi.  and  the  complete 
unavailability  of  L3s  from  W.  bancrofti.  the  epitope  or  epitopes  on  the  43  kD  antigen  will 
have  to  be  amplified  by  recombinant  techniques  (Freedman,  Nutman  and  Ottesen). 
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Diethylcarbamazine  found  to  prevent  Loa  loa  in  Peace  Corps  volunteers.  The 
double-blinded,  piacebo-controiled  trial  of  diethyicaroamazme  (DEC)  prophylaxis  (300  mg 
weekly)  m  Peace  Corps  volunteers  m  3  West  African  countnes  was  concluded.  Exposure 
to  the  parasite  turned  out  to  be  heaviest  m  Gabon  where  6  of  20  (30%)  individuals  m  the 
placebo  group  developed  overt  clinical  disease  after  a  two  year  tour  of  duty,  vs.  0  of  1 6 
in  the  DEC  treated  group.  A  higher  seroconversion  rate  (10  of  20  or  50%)  m  the  placebo 
group  as  compared  to  the  DEC  group  (2  of  1 6  or  1 3%)  was  also  found.  Side  effects 
attributable  to  DEC  were  minimal.  These  findings  indicate  that  DEC  given  orally  once 
weekly  can  be  an  effective  and  acceptable  chemoprophylactic  for  prevention  of  ioiasis  in 
individuals  who  require  an  extended  stay  m  Loa  loa  endemic  areas  of  Africa  (Ottesen  and 
Nutman  of  LCI,  Miller  and  Mulligan  of  Peace  Corps). 

Ivermectin  treatment  of  lymphatic  filanasis.  Ivermectin,  a  newly  developed  drug 
with  effectiveness  for  animal  nematodes  and  ectoparasites  as  well  as  human 
onchocerciasis,  was  assessed  for  its  activity  in  W.  bancrofti  human  filanasis  m 
collaboration  with  Indian  scientists  in  Madras,  India.  Two  phase  2  tnals  were  earned 
out.  the  second  one  companng  Ivermectin  at  two  doses  (20  and  1 20  mcg/kg  once  orally) 
vs.  a  standard  two-week  course  of  DEC  (at  6  mg/kg/day).  The  results  showed 
comparable  efficacy  of  both  Ivermectin  dosages  and  DEC  after  3  months,  but  by  6  months 
the  microfilanal  recurrence  rate  of  both  Ivermectin  groups  was  significantly  greater  than 
in  the  DEC  group.  Although  side  effects  were  approximately  equal  in  the  DEC  and 
Ivermectin  groups,  the  single  oral  dose  of  Ivermectin  with  no  greater  toxicity  than  DEC 
would  undoubtedly  have  greater  compliance  for  the  former  dnjg  (Ottesen  and  Nutman  of 
LPD,  M.  Aziz  of  Merck  Sharpe  &  Dchme  and  Kumaraswami  in  Madras,  India). 

MOLECULAR  More  on  the  vanant  surface  antigen  and  DNA  characteristics 

BIOLOGY  OF  of  Giardia.  The  phenomenon  of  antigenic  vanation  m  Giardia 

GIARDIA  &  AMEBAE  has  now  been  demonstrated  in  several  different  isolates  and  can 

involve  more  than  one  surface  antigen,  although  the  170  kD 
antigen  has  received  the  most  study.  While  cytotoxic  poly  or  monoclonal  antibodies 
against  the  1 70  kD  antigen  are  generally  used  to  produce  progeny  without  this  marker, 
the  loss  and  acquisition  of  new  vanant  antigens  also  occurs  without  such  selection 
pressure  -  i.e.,  by  passage  in  culture.  Analysis  of  parent-progeny  pairs  with  molecular 
probes  to  1 70  kD  suggests  that  the  antigenic  vanation  is  due  to  some  type  of  geno.mic 
rearrangement  (Adam,  Nash,  Aggarwal,  McCutchan  and  others  in  LPD).  A  constant 
pattern  of  chromosomal  banding  (4  or  6  major  bands)  was  found  in  6  Giardia  isolates 
using  pulse  field  gradient  electrophoresis,  but  minor  bands  thought  to  represent  linear 
fragments  of  DNA  are  also  seen  (Adam,  Wellems,  Nash).  In  the  course  of  transfection 
experiments  of  Giardia  with  a  Drosophilia  and  heat  shock  protein  genes,  certain  isolates 
of  the  parasite  were  found  to  lack  the  latter  marker  (AggaoA/al,  Romans,  de  la  Cruz  and 
Nash). 

What  happens  to  the  variant  antigen  in-vivo?  Since  a  rather  confusing  pattern  of 
self-cure  and  resistance  to  challenge  was  found  in  gerbils  infected  with  Giardia  the 
relationship  of  these  findings  to  antigenic  variation  was  investigated.  The  major  1 50  kD 
antigen  was  lost  within  7  days  and  replaced  by  a  series  of  other  antigens  which  then 
remained  unchanged  (Aggarwal  and  Nash).  Three  separate  expenments  infecting  human 
volunteers  with  Giardia  have  been  conducted.  One  parasite  clone  was  found  to  be  non- 
infective.  Vanation  in  the  60  kD  antigen  also  occurred  in  humans;  however,  no  cyclical 
or  predictable  pattern  of  antigenic  changes  could  be  identified  (Nash  of  LPD, 
Herrington,  Levine  and  Lysonsky  of  Univ.  of  Maryland). 

Studies  with  amebae.  Highly  repeated  patterns  of  total  genomic  DNA  were  found  in 
different  species  of  amebae.  However,  clones  of  ribosomal  DNA  proved  to  be  useful 
hybndization  probes  to  distinguish  between  different  species  of  amebae.  A  rather 
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surprising  finding  is  the  presence  of  circular  ribosomal  DNA  in  E.  histolytica  (S. 
Bhattacharya  &  Diamond).  A  series  of  monoclonal  antibodies  have  been  generated  against 
E.  histolytica  antigens  (A.  Bhattacharya  and  Diamond).  Further  evidence  has  been 
obtained  to  confirm  the  previous  finding  that  non-pathogenic  strains  of  E.  histolytica 
change  their  isoenzyme  pattern  when  the  organisms  are  axenized  (Diamond  in 
collaboration  with  Mirelman  of  Israel  and  Jalan  of  India). 

MOLECULAR  Gene  for  ookinete  surface  antigen  of  P.  falciparum  cloned. 

BIOLOGY  OF  One  of  the  malaria  vaccine  strategies  pursued  by  the  LPD 

MALARIA  VACCINES         group  was  the  concept  of  a  vaccine  that  would  interfere  with 
the  sexual  stage  of  parasite  development  in  the  mosquito  and 
thus  block  transmission.  After  long  efforts  and  many  technical  difficulties,  a  25  kD 
antigen  on  the  surface  of  ookinetes  of  P.  falciparum  has  been  sequenced  and  the  gene 
cloned.  The  protein  is  rich  in  cysteine,  has  some  structural  similarities  to  human 
epidermal  growth  factor  and  low  density  lipoprotein  receptor,  and  probably  does  not  have 
capacity  for  antigenic  variation.  Although  much  work  remains,  the  25  kD  antigen 
appears  to  be  a  very  good  vaccine  candidate  (Kaslow,  Quakyi,  Syin,  Miller  and  Coligan  of 
NIAID;  Houghton  at  Scripps  and  Laskey  at  Genentech).  Two  other  surface  antigens,  230 
and  48/45  kD  on  P.  falciparum  gametes  and  zygotes  are  also  under  investigation.  Because 
of  limited  material  to  work  with,  an  indirect  approach  using  cross-hybridization  with 
synthetic  oligonucleotides  to  probe  P.  qallinaceum  RNA  is  being  used.  Cross  hybridization 
with  the  25  kD  protein  has  been  demonstrated,  and  it  is  hoped  that  the  same  approach 
will  work  with  the  230  and  48/45  kD  proteins  (Syin,  Quakyi,  Kaslow,  Miller,  McCutchan 
of  LPD  and  Coligan  and  Raum  of  BRB). 

A  unique  66  kP  merozoite  surface  antigen  from  P.  knowlesi.  This  antigen  is  of 
particular  interest  because  it  is  synthesized  in  mature  schizonts  just  before  merozoite 
release,  makes  up  only  a  tiny  fraction  of  total  merozoite  protein,  and  yet  appears  to  be 
critical  in  the  invasion  process  of  red  cells.  cDNA  clones  for  the  gene  have  been 
isolated  and  sequenced.  It  is  likely  that  a  homologous  gene  is  present  in  the  human 
parasite,  P.  vivax  (Waters  and  McCutchan). 

IMMUNOLOGY  OF  Evidence  that  cytotoxic  T  cells  are  important  in  immunity  to 

MALARIA  VACCINES  sporozoites.  Mice  immunized  with  P.  yoelli  sporozoites  were 

depleted  of  CD4"''  (helper)  and  CD8''"  (suppressor  and  cytotoxic) 
cells  by  administration  of  monoclonal  antibodies  against  these  surface  molecules.  Immune 
mice  depleted  of  their  CD4  T  cells  were  still  fully  immune  on  challenge  with  infectious 
sporozoites,  while  those  depleted  of  CDS  T  cells  were  not  protected.  It  was  concluded 
that  the  CD8  cells  function  through  a  cytotoxic  mechanism  (Weiss,  Good,  Berzofsky, 
Kumar  and  Miller  of  NIH,  Beaudoin  and  Sedegah  of  NMRI  and  Holligdale  of  BRI).  In 
order  to  identify  epitopes  of  the  circumsporozoite  protein  (CS),  which  were  targets  for 
cytotoxic  T  lymphocytes  (CTL),  murine  L  cells  were  transfected  with  the  gene  for  CS 
protein  of  P.  falcipanjm.  By  IFA  the  transfected  cells  were  shown  to  express  CS  protein 
in  the  cytoplasm,  but  not  on  the  cell  surface.  To  generate  CS  specific  uTLs  mice  were 
either  inoculated  with  a  recombinant  vaccinia  virus  containing  the  CS  gene,  or  were 
immunized  with  sporozoites.  By  appropriate  cytotoxicity  tests  it  was  shown  that  specific 
killing  occurred  only  in  the  L  cells  transfected  with  the  CS  gene.  Further,  by  testing 
target  cells  of  different  H-2  background  it  was  shown  that  the  CTL  response  was 
genetically  restricted.  The  implication  of  these  experiments  is  that  P.  falciparum  CS 
protein  can  serve  as  the  epitope  for  CTL  without  being  expressed  on  the  cell  surface. 
(Kumar,  Good,  Miller  of  LPD  and  Berzofsky  of  NCI). 

Evolution  of  malarial  CS  protein  gene  and  implications  for  a  sporozoite  vaccine.  If 
a  sporozoite  vaccine  for  malaria  is  to  be  effective,  the  target  CS  protein  should  be 
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stable  and  not  subject  to  antigenic  variation.  Analysis  of  genes  for  the  CS  protein  from 
many  species  and  isolates  of  malaria  parasites,  however,  suggests  that  the  central  repeat 
domains  of  the  gene  are  evolving.  Also,  there  is  evidence  that  non-repetitive  regions  of 
the  gene  are  under  intense  selective  pressure,  presumably  immunologic,  leading  to 
mutations  that  would  affect  T  cell  activation  (de  la  Cruz.  fvlcCutchan  and  Lai  of  LPD  and 
Campbell  and  Procell  of  CDC). 

MOLECULAR  Chromosome  mapping  of  P.  falciparum.   By  pulse  field  gradient 

GENETICS  OF  electrophoresis,  14  chromosomes,  ranging  in  size  from  800  to 

MALARIA  PARASITES        3500  kb,  have  been  identified  on  P.  falciparum.  Chromosomal 

DNA  is  cut  by  restriction  enzymes  at  only  1  to  5  sites  per 
chromosome  so  chromosome  mapping  is  facilitated.  Chromosome  4  carries  a  linkage  group 
controlling  pyrimethamine  susceptibility  (Wellems).  Genetics  of  drug  resistance  in  P. 
falopanjm.  A  clone  of  P.  falciparum  sensitive  to  vanous  antimalarial  drugs  was  crossed 
with  a  multi-drug  resistant  clone.  This  was  done  by  growing  the  parasites  m  vitro  to 
produce  gametocytes.  mixing  the  gametocytes  to  feed  mosquitoes  and  thereby  achieving 
true  genetic  mixing,  allowing  the  infected  mosquitoes  to  bite  and  infect  a  chimpanzee  and 
then  recovering  multiple  clones  of  asexual  progeny  from  the  blood  for  genetic  analysis. 
The  gene  encoding  dihydrofolate  reductase-thymidylate  synthetase  (DHFR-TS)  was  found 
to  be  near  the  central  region  of  chromosome  4.   It  was  concluded  that  a  mutation  within 
the  DHFR-TS  gene  was  responsible  for  pyrimethamine  resistance.   By  analyzing  the 
frequency  of  resistance  to  different  drugs  in  multiple  clones  it  was  concluded  that 
chloroquine  and  mefloquine  resistance  are  inherited  independently  -  i.e..  under  control  of 
different  genetic  loci.  No  evidence  was  found  for  gene  amplification.  A  sufficient 
number  of  progeny  clones  have  been  recovered  to  identify  the  genetic  locus  governing 
chloroquine  resistance  (Wellems.  Panton,  Peterson  of  LPD  and  Rosario  of  BRI  and  Morry 
and  Cross  of  Rockefeller  University). 

Is  asexual  proliferation  of  P.  falciparum  under  genetic  control?  The  parent  clones 
of  P.  falciparum  used  in  the  genetic  cross  experiment  (3D7  and  HB3)  were  found  to  have 
different  proliferation  rates  when  grown  in  vitro  in  human  RBCs.  Clone  3D7  grew  neariy 
twice  as  fast  as  HB3.  and  when  mixed  together,  clone  3D7  completely  overgrew  HB3  by 
10  days.  The  difference  in  growth  rates  is  not  due  to  numbers  of  merozoites  produced 
or  the  maturation  time  of  the  parasite;  it  appears  to  be  due  to  efficiency  of  re-invasion 
of  host  red  cells.  By  linkage  group  analysis  the  rapid  growth  rate  in  3D7  was  found  to 
associate  with  a  genetic  locus  on  chromosome  13.  Since  proliferation  rate  of  P^ 
falciparum  could  be  an  important  factor  in  virulence  of  a  parasite  strain  the  mechanism 
for  this  genetic  trait  is  being  investigated  (Wellems  and  Panton  of  LPD  and  Rosario  of 
BRI). 

MOLECULAR  BASIS  A  135  kD  protein  appears  to  identify  the  Duffy  red  cell 

OF  MALARIA  receptor.  Human  RBCs  that  lack  the  Duffy  blood  group 

PARASITE  INVASION         antigens  (a  and  b)  are  refractory  to  infection  by  P.  knowlesi  in 
OF  RBCs  vitro  and  P.  vivax  in  vivo.  A  135  kD  protein  found  in  culture 

supemates  of  P.  knowlesi  was  found  to  bind  strongly  to  Duffy 
b  cells,  weakly  to  Duffy  a  cells  and  did  not  bind  to  Duffy  negative  cells.  Certain  sugars 
and  sulfated  polysaccharides  that  block  binding  of  this  parasite  protein  also  block  the 
attachment  of  merozoites  and  invasion  of  RBCs.   It  is  hoped  that  antibodies  to  the  135 
kD  protein  will  identify  portions  of  the  molecule  in  a  cDNA  expression  library  so  it  can 
be  cloned  (Miller  and  Dalton  of  LPD,  Hadley  and  Haynes  of  WRAIR). 

Receptor  specificity  for  P.  falciparum  merozoites  is  as  confusing  as  ever!  There  is 
still  a  great  deal  of  confusion  concerning  receptor(s)  required  for  invasion  of  RBCs  by  P. 
falciparum.  Some  parasites  require  sialic  acid  on  the  erythrocyte  membrane,  but  others 
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invade  independent  of  sialic  acid.  By  using  red  cells  of  different  types  it  has  been 
shown  that  glycophorins  A,  B  or  C  are  not  necessary  for  invasion.  Whatever  ligand  on 
the  RBC  surface  is  required  is  trypsin  sensitive.  A  recent  surprise  is  the  finding  that 
red  cells  of  certain  strains  of  mice,  but  no  other  rodents,  are  susceptible  to  invasion  by 
P.  falciparum  (Miller  and  Klotz  of  LPD,  Hadley  and  Haynes  of  WRAIR). 

RIBOSOMAL  RNA  OF         Ribosomal  RNA  genes  as  markers  of  Plasmodial  development  and 
MALARIA  PARASITES        evolution.  Two  structurally  distinct  nuclear  genes  have  been 
found  to  encode  the  ribosomal  RNAs  of  Plasmodium  berqhei. 
One  type  of  gene  is  found  almost  exclusively  in  sexual  stages  of  the  parasite  found  in 
the  mosquito.  The  second  type  of  ribosomal  gene  is  the  predominant  ribosomal  RNA 
species  for  the  asexual  stage  in  the  mammalian  host.  This  switching  off  and  on  of  RNA 
is  of  particular  interest  in  parasites  which  go  through  developmental  stages  in  different 
hosts.  Ribosomal  RNA  also  serves  as  a  useful  marker  in  analyzing  the  evolutionary 
relationships  of  different  species  of  malaria  parasites.  This  approach  is  yielding  an 
"evolutionary  tree"  which  is  quite  different  from  that  derived  by  classical  taxonomic 
criteria.  One  further  advantage  of  using  ribosomal  RNA  probes  is  that  they  offer  a  more 
sensitive  method  in  detecting  minimal  amounts  of  parasite  material  -  this  could  be 
exploited  for  diagnostic  use  (McCutchan). 

Altering  vector  susceptibility  to  infection  with  the  malaria  parasite.  Several 
approaches  continue  to  manipulate  susceptibility  of  A.  qambiae  to  the  malaria  parasite. 
Phenoloxidase  metabolism  appears  to  be  involved  in  the  encapsulation  process  around 
ookinetes  in  the  refractory  strain.  The  newly  discovered  antimicrobial  agent,  magainin, 
disrupts  oocyst  development  (Gwadz  of  LPD  and  Zaslof  of  NICHHD).  Another  approach, 
that  of  introducing  foreign  DNA  into  the  germ  line  of  mosquito  vectors  has  benefited 
from  technical  improvements  in  that  neariy  25  per  cent  of  eggs  injected  will  hatch.  The 
neomycin  resistance  gene  that  was  successfully  introduced  has  gone  through  6 
generations,  so  the  integration  event  was  stable.  Other  transposon  vectors  are  being 
tested  to  increase  efficiency  of  foreign  gene  integration  (Sakai,  Miller,  Lee,  Romans  and 
Gwadz  of  LPD,  Mizuuchi  of  NIDDKD  and  Coon  of  NCI ). 

IMMUNOLOGY  AND  Schistosome  antigens  that  may  be  important  in  immunity.  The 

IMMUNOPATHOLOGY        internal  myofibrillar  protein  from  schistosome  worms, 

OF  SCHISTOSOMIASIS      paramyosin,  was  compared  with  another  recently  described 

vaccine  immunogen,  glutathione-S-transferase  (GST),  reported 
by  French  and  Australian  workers.  At  equivalent  doses,  GST  was  a  less  potent 
immunogen  than  paramyosin,  and  a  combination  of  the  two  antigens  did  not  give  additive 
protection  (Pearce,  James  and  Sher).  In  a  collaborative  project  in  Brazil,  evidence  for 
immunologic  reactivity  to  paramyosin  was  tested  in  individuals  from  a  schistosome 
endemic  area.  Results  suggest  that  asymptomic,  non-infected,  but  exposed  individuals 
have  high  levels  of  serum  antibody  to  paramyosin.  In  contrast,  hepatosplenic  patients 
appear  to  have  unusually  low  responses  to  paramyosin  (R.  Correa-Qliveira  of  Brazil  and 
Sher  of  LPD).  A  highly  T  cell  reactive  antigen  fraction  has  been  demonstrated  by 
immunoblotting  experiments  with  lymphocytes  from  immunized  mice.  The  antigen  is 
present  in  supemates  of  adult  worms  (SWAP),  it  is  not  paramyosin,  and  it  can  be  purified 
from  SWAP  by  FPLC  chromatography  (James,  Pearce  and  Sher). 

Hepato-splenic  schistosomiasis  in  a  Sudanese  population  assessed  by  ultrasound.  The 
usefulness  of  ultrasound  examination  of  the  liver  to  detect  hepatosplenic  disease  in 
schistosomiasis  was  confirmed  and  extended  by  a  prospective  study  in  which  the  diagnosis 
was  confirmed  by  wedge  biopsy  of  the  liver.  All  29  patients  among  a  total  of  41  studied 
who  had  Symmer's  fibrosis  by  pathological  examination  were  correctly  diagnosed  by 
ultrasonography.  This  technique  will  be  used  to  assess  reversibility  of  Symmer's  fibrosis 
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after  treatment  (Nash  and  Cheever  of  NIH.  Bennett  of  Michigan  State  and  Homeida  of 
Sudan). 

MOLECULAR  Sequencing  the  entire  paramyosin  gene.  Although  a 

BIOLOGY  OF  recombinant  paramyosin  protein  can  be  produced,  it  is  only 

SCHISTOSOMES  about  half  the  native  molecule  and  it  induces  relatively  poor 

protection  as  an  immunogen.  Several  approaches  are  being 
used  to  complete  the  paramyosin  sequence.  The  molecule  was  shown  to  be  encoded  by  an 
unusually  large  transcript  (Knight.  Coligan  and  Sher). 

Lipid  anchors  on  schistosomulum  membrane  proteins.  Four  major  schistosomulum 
surface  antigens  were  shown  to  be  anchored  in  the  worm  tegument  by 
phosphatidylinositol  linkages  and  released  in  the  form  of  membrane  vesicles.  Since  living 
schistosomula  can  stimulate  paramyosin-specific  T  cells,  it  indicates  that  paramyosin  or 
some  component  of  it  is  also  released  from  the  worm  (Pearce  and  Sher). 

Molecular  basis  for  drug  resistance  in  schistosomes.  Although  hycanthone  is  now 
little  used  for  treatment  of  schistosomiasis,  a  chemically  related  drug,  oxamniquine,  has 
been  commonly  used  in  Brazil.  Resistance  of  parasites  to  oxamniquine  has  been 
documented,  and  they  are  cross-resistant  to  hycanthone.  Drug  resistance  can  be  induced 
by  administration  of  drug  to  immature  worms  and  raising  parasites  from  eggs  recovered 
later.  Restnction  fragment  length  polymorphisms  (RFLPs)  of  characteristic  nature  can  be 
identified  in  DNA  from  drug  resistant  organisms  -  even  in  individual  adult  worms.   It  is 
concluded  that  drug  resistance  is  the  result  of  a  mutation  or  induction  process  rather 
than  selection  of  drug-resistant  organisms  (Brindley,  McCutchan  and  Sher  of  LPD.  Lewis 
of  BRI  and  Strand  of  Johns  Hopkins). 

LEISHMANIAL  A  surface  lipophosphoglycan  (LPG)  determines  infectivity  of 

BIOCHEMISTRY  AND  leishmania.  The  differentiation  of  L.  major  promastigotes  from 

CELL  BIOLOGY  a  non-infective  to  an  infective  or  metacyclic  stage  is 

accompanied  by  changes  in  surface  carbohydrates  detected  by 
the  lectin,  peanut  agglutinin  (PNA).  On  non-infective,  log  phase  organisms  PNA  binds  to 
the  surface  lipophosphoglycan  (LPG).  As  the  organism  transforms  to  the  infective  stage 
the  LPG  is  modified  so  that  it  no  longer  binds  PNA,  and  it  expresses  a  new  antigenic 
epitope  recognizable  by  monoclonal  antibody.  By  treatment  of  the  LPGs  with 
phospholipase  C.  the  metacyclic  phosphoglycan  component  of  the  molecule  has  been 
shown  to  differ  in  charge  and  size  (Sacks  and  Joiner  at  NIH  and  Turco  of  Univ. 
Kentucky). 

Surface  membrane  transporters  of  leishmania.  Three  different  carrier-mediated 
transport  systems  in  L.  donovani  promastigotes  have  now  been  identified  and 
characterized.  One  involving  ribose  functions  via  facilitated  diffusion,  but  the 
glucose/fructose  and  L-proline  transport  systems  are  high  affinity,  active  transport 
systems.  An  antibody  made  against  anti-proline  IgG  will  be  tested  to  see  if  an  anti- 
idiotype reagent  will  recognize  and  block  functional  activity  of  the  proline-transport 
protein  (Dwyer  and  Pastakia). 

Soluble  acid  phosphatases  (SAcPs)  of  leishmanial  species  compared.  SAcPs  are 
prominent  constituents  of  all  species  of  Leishmania  except  L.  major,  being  secreted  by 
promastigotes  and  released  into  the  medium.  The  SAcPs  of  15  different  leishmanial 
strains,  representing  4  species,  were  found  to  be  antigenically  cross-reactive  with  only 
slight  differences  by  SDS-PAGE  (Doyle  and  Dwyer). 
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IMMUNOLOGY  OF  Why  are  infective  leishmania  resistant  to  serum  complement? 

LEISHMANIA  AND  Since  log  phase  leishmania  activate  the  alternative  complement 

LEISHMANIAL  (C)  pathway  and  are  rapidly  killed,  the  mechanism  by  which 

INFECTIONS  IN  MICE         infective  stationary  phase  organisms  resist  C  killing  has  been  a 

mystery.  It  turns  out  that  the  infective  forms  do  activate 
complement,  but  do  so  via  the  classical  pathway.  Moreover,  the  terminal  lytic 
components  (C8  and  C9)  are  consumed  but  rapidly  released  from  the  cell  membrane, 
preventing  cell  lysis.  In  addition,  at  least  so  far  as  the  species  L.  major  is  concerned, 
complement  and  the  surface  lipophosphoglycan  (LPG)  referred  to  previously,  play  an 
important  role  in  internalization  of  the  parasite  by  macrophages.  Binding  of  infective 
organism  to  human  macrophages  is  C  dependent  and  involves  binding  of  C3b  LPG  on  the 
parasite  surface.  It  is  postulated  that  because  the  membrane  attack  C  complex  is 
released,  then  macrophage  CR1  receptors  are  able  to  take  up  the  organism  (Sacks, 
Puentes,  da  Silva  and  Joiner). 

Protective  T  cell  of  mice  and  relevant  leishmanial  antigen  identified.  A  soluble 
antigen  fraction  9  from  L.  major,  separated  by  FPLC,  was  reported  last  year  to  confer 
protection  in  immunized  BALB/c  mice.  On  the  basis  of  protein  content  fraction  9  is  at 
least  1 00-fold  as  effective  as  the  total  soluble  antigen.  Another  fraction,  1 ,  was 
recognized  by  T  cells  but  failed  to  protect.    T  ceil  lines  reactive  against  the  two 
fractions  were  established;  the  line  against  fraction  9  also  protected  by  adoptive  transfer 
and  was  found  to  be  subset  T^  1 .  The  cell  line  against  fraction  1  was  subset  T|_|2  and 
actually  exacerbated  leishmanial  lesions.  Supernatants  from  the  fraction  1  T  cells 
downregulate  macrophage  ability  to  respond  to  y  interferon.  A  T  cell  clone  has  been 
made  from  the  line  vs.  fraction  9  and  was  found  to  confer  protection  equivalent  to  that 
obtained  with  the  line.  This  is  the  first  report  of  a  T  cell  clone  recognized  by  a  defined 
leishmanial  antigen  which  adoptively  transfers  protective  immunity  (Scott,  Pearce  and 
Sher  of  LPD  and  Coffman  of  DNAX  in  California). 

IfVIMUNOLOGY  OF  Analysis  of  T  cell  responses  to  2D  immunoblots  of  leishmanial 

HUMAN  antigens.  Human  T  cells  from  patients  with  cutaneous  (CL)  or 

LEISHMANIAL  mucocutaneous  leishmaniasis  (MCL)  recognize  >  50  distinct 

INFECTIONS  antigens  separated,  blotted  and  transferred  to  culture  wells.  In 

patients  with  past  or  Inapparent  L.  donovani  infections, 
responses  were  limited  to  fewer  antigens  -  especially  at  lower  molecular  weights. 
Interestingly,  some  examples  of  dissociated  response  to  antigen  fractions  were  noted;  i.e., 
production  of  y-interferon  but  little  or  no  lymphocyte  proliferation.  This  procedure  can 
also  be  used  to  identify  antigens  recognized  by  T  cell  lines  and  clones,  including  those 
recovered  directly  from  leishmanial  lesions.  It  is  hoped  that  cDNA  probes  for  different 
cytokine  mRNAs  can  be  used  to  assay  responses  of  activated  T  cells  (Melby,  Sacks,  and    . 
Neva). 

Diffuse  cutaneous  leishmaniasis  (DCL)  in  Mexico.  In  the  study  referred  to  last  year,  ■ 
all  isolates  from  DCL  cases  In  Mexico  were  found  to  be  L  m.  mexicana.  as  were  the 
isolates  in  patients  with  ulcerative,  regular  cutaneous  leishmaniasis  (CL).  However,  the 
Mexican  isolates  differ  from  the  same  species  recovered  earlier  from  Dominican  ReputDlic 
patients  with  DCL  by  being  more  pathogenic  for  mice.  We  believe  we  now  have  an 
explanation  for  our  problems  in  studying  lymphocyte  blastogenic  responses  In  DCL 
patients  using  cryopreserved  cells.  The  cells  responsible  for  failure  of  lymphocyte 
proliferation  (?suppressor)  appear  to  be  sensitive  to  freezing  and  are  lost.  By  contrast, 
we  have  been  able  to  demonstrate  clearly  that  lymphocyte  responses  with  ciyopreserved 
cells  from  leishmaniasis  cases  with  normal  immune  responses  are  equivalent  to  responses 
with  fresh  cells  (Neva  of  LPD  with  Kreutzer  of  Ohio,  McMahon-Pratt  of  Yale,  Velasco  in 
Mexico). 
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Unusual  cutaneous  leishmaniasis  in  Honduras.  Collaborative  studies  have  been 
initiated  with  Dr.  Ponce  of  Honduras  of  an  unusual  form  of  cutaneous  leishmaniasis 
apparently  due  to  L.  donovani  chaqasi,  the  species  of  parasite  normally  causing  visceral 
leishmaniasis  in  Latin  Amenca.  At  least  16  cases  of  the  cutaneous  disease  have  occurred 
in  an  island  community  of  about  8000  inhabitants  where  similar  number  of  cases  of  kala 
azar  have  occurred  over  the  last  10  years  (Neva  of  LPD,  Ponce  of  Honduras). 

T.  CRUZI  AND  Brown  and  white  clones  of  T.  cruzi  have  biochemical  but  no 

CHAGAS'  DISEASE  racial  implications.   In  growing  clones  of  T.  cruzi  it  was  noted 

that  the  pelleted  organisms  vary  in  color  from  dark  brown  to 
nearly  white.  Two  clones  representing  the  color  extremes  were  subjected  to 
microelemental  image  analysis  by  electron  beam  X-Rays  for  various  elements,  including 
Fe.  2n  and  S.  Levels  of  S  were  equal  but  the  brown  clone  contained  3  times  more  Fe 
than  the  white  clone  and  only  half  as  much  Zn.  The  only  biochemical  features  that 
could  be  associated  with  these  differences  were  that  oxygen  consumption  was  stimulated 
by  glucose  in  the  white  clone  and  that  cytochrome  levels  were  much  higher  in  the  brown 
clone.  Otherwise,  the  significance  of  these  differences  is  not  clear  (Engel  and  Dvorak). 

Anti-trypanosomal  factor  (ATF)  from  Pseudomonas.  To  obtain  ATF  most  suitable  for 
NMR  analysis  it  was  necessary  to  use  HPLC  separation  instead  of  the  special 
countercurrent  chromatography  used  earlier.  Bioassays  for  the  lytic  fraction  are  done 
with  T.  equiperdum  isolated  from  blood  of  infected  rats  and  purified  over  a  DEAE- 
cellulose  column  (fvlercado  of  LPD;  Rice,  Coleman  and  Yeh  of  NIDDK;  Ito  and  Ferrans  of 
NHLBI). 

IMMUNOLOGY  OF  Analysis  of  larval  antigens  discloses  a  larval  protease.  Both 

STRONGYLOIDIASIS  somatic  and  excretion-secretion  (E/S)  antigens  of  infective  (L3) 

larvae  have  been  examined  by  usual  techniques,  such  as  silver 
staining  of  SDS-PAGE  gels,  surface  iodination,  metabolic  labelling,  etc.  In  addition,  a 
protease  was  sought,  using  gelatin  incorporated  gels,  and  found  in  both  somatic  and  E/S 
preparations.   It  is  a  metallo-protease  with  activity  at  30,  60  and  90  kD.  suggesting  a 
trimeric  form  of  enzyme.  This  protease  is  undoubtedly  required  for  larval  penetration  to 
initiate  infection  with  this  parasite.  The  protease  is  antigenic  and  exhibits  histamme- 
releasing  activity  upon  exposure  to  IgE  sensitized  basophils,  properties  which  will 
facilitate  further  characterization  of  the  material  (Brindley.  Neva  and  pearce  of  LPD; 
London  and  Phillips  from  SEMA,  Inc  and  McKerrow  of  Univ.  of  Califomia). 

Possible  association  of  stronqyioidiasis  with  HTLV-1  infection.  In  the  process  of 
our  continuing  clinical  interests  in  diagnosis  and  treatment  of  strongyloides  infections, 
several  patients  have  been  encountered  with  this  parasite  who  also  have  HTLV-1 
infection.  Some  findings  in  these  patients  suggest  that  HTLV-1  infection  may  produce 
selective  immune  defects  that  are  crucial  for  control  of  strongyloidiasis  (Neva  of  LPD, 
Greenberg  and  Murphy  of  NCI). 
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FROM  UNIT  ON  MICROBIAL  PATHOGENESIS 

RECEPTORS  FOR  UPTAKE        Liaands  that  provide  Internalization  mechanisms  for  T. 
OF  ORGANISMS  cruzi.  Salmonella  and  Toxoplasma.  Since  the  site  of 

residence  of  these  3  organisms  in  phagocytic  cells  differs  (cytosol  for  T.  cruzi. 
phagolyposomes  for  S.  tvphimurium.  and  phagosomes  for  Toxoplasma),  they  provide  good 
models  for  comparison.  Both  Clq  receptors  and  fibronectin  were  found  to  enhance 
uptake  of  T.  cruzi  by  macrophages.  (Rimoldi,  Kipnis  and  Joiner  of  LPD,  Tenner  of  Red 
Cross).  Mannose  binding  protein  MBP)  is  an  acute  phase  reactant  found  in  human  serum 
which  binds  to  mannose  residues  in  lipopolysaccharide  side  chains  of  bacteria.  MBP 
served  as  a  direct  opsonin  for  ingestion  of  mannose  containing  Salmonella  by  human 
neutrophils,  but  whether  MBP  enhances  ingestion  by  macrophages  has  not  yet  been 
tested.  There  is  also  some  evidence  that  MBP  may  activate  complement  in  some  fashion. 
(Joiner  and  Schweinle  of  LPD,  Ezekowitz  of  Harvard)  Fibronectin  binds  in  a  specific 
fashion  to  toxoplasma  and  fibronectin  augments  attachment  and  entry  of  the  parasite 
tachyzoites  into  macrophages.  Surface  molecules  on  the  parasite  have  been  identified,  and 
several  of  them  appear  to  be  linked  to  the  tachyzoite  cytoskeleton  (Fuhrman  and  Joiner). 

Characterization  of  Intracellular  compartments  containing  intracellular  organisms. 
Techniques  are  being  developed  to  label  various  surface  components  and  phagosomes  of 
neutrophils  and  macrophages.  For  example,  lactoferrin,  a  marker  for  neutrophil 
secondary  granules,  was  incorporated  within  phagosomes  containing  S.  tvphi-murium  if 
coated  with  IgG,  but  not  if  coated  with  C3.  Two  different  macrophage  cell  lines,  one  of 
which  forms  phagolysosomes  readily  and  another  that  is  devoid  of  lysosomal  enzymes  is 
being  used  for  these  studies  (Joiner,  Schweinle  and  Hall  of  LPD,  Rotrosen  of  LCI). 

INTERACTION  OF  COMPLEMENT       DAF-like  molecule  produced  bv  T.  cruzi. 

WITH  MICRO-ORGANISMS  A  molecule  referred  to  as  decay  accelerating  factor 

(DAF)  prevents  complement  activation  by  both 
alternative  and  classical  pathways  by  preventing  formation  and  accelerating  decay  of  C3 
convertases.  The  C3  convertase  is  an  essential  part  of  the  complement  cascade.  A 
similar  DAF  molecule  produced  by  trypomastigotes  of  T.  cruzi.  which  helps  explain  its 
resistance  to  killing  by  serum,  was  purified  and  characterized  (Joiner,  Rimoldi,  Kipnis  and 
Sher  of  LPD  and  Hammer  of  LCI). 

Complement  activation  bv  tosopiasma  is  non-effective.  Although  C3  deposition  on 
the  surface  of  Toxoplasma  occurs  in  the  absence  of  immune  serum,  the  lytically  active 
C3b  is  rapidly  cleaved  to  an  inactive  form.  Hence  the  terminal  events  of  the  C  cascade 
are  limited  and  the  parasite  is  not  lysed.  The  limited  extent  of  activation  is  believed  to 
reflect  paucity  of  glycosylated  surface  proteins  in  Toxoplasma  (Fuhrman,  Joiner  of  LPD 
and  Hammer  of  LCI). 

Re-evaluation  of  C  activation  bv  qonococci.  Previous  studies  have  sugge.sted  that 
gonococci  (GO)  directly  activated  the  classical  C  pathway  in  the  absence  of  antibody. 
However,  using  purified  subunits  of  C1 ,  under  conditions  in  which  autoactivation  of  the 
C1  subunits  is  prevented,  it  was  found  that  GC  did  not  directly  activate  the  classical 
complement  pathway  (Schweinle  and  Joiner). 

14-10a 


DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  -  PUBUC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 

Z01  Al  0094-29  LPD 


PeniOD  COVERED 

October  1 ,  1 987  to  September  30,  1 988 


TITLE  OF  PROJECT  (80  cJ^ancnn  or  /•«.  Tlttm  must  fn  on  ana  iina  o«iv«an  m»  oora«n  ) 

Entamoeba  histolytica:  Nutrition,  Differentiation,  Virulence.  Molecular  Probes 


PRINCIPAL  INVESTIGATOR  (Ust  aiTitf  protrntannm  pTaonnm  0««w  t/)»  Prmapal  Imastigalor)  (Nim:  aVt.  Itoormtay.  and  msotun  tmiitaon) 

PI:  LS.  Diamond  Section  Head  LPD.  NIAID 

Others:       A.  Bhattacharya  Volunteer  Worker  LPD,  NIAID 

S.  Bhattacharya  Volunteer  Worker  LPD.  NIAID 

E.G.  Weinbach  Section  Head  LPD,  NIAID 


COOPERATING  UNITS  (It  my) 

Department  of  Biophysics,  Weizmann  Institute  of  Science  (D.  Mirelman)  American  Type  Culture 
Collection  (P.-M.  Daggett,  T.  Nerad),  Medical  Research  Center,  VA  (A.T.  Soldo). 


LAB/aRANCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

Growth  and  Differentiation 


INSTITUTE  ANO  LOCATION 

NIAID.  NIH.  Bethesda.  Maryland  20892 


TOTAL  MAN-YEARS; 

2.9 


PROFESSIONAL; 
1.6 


1.3 


CHECK  APPROPRIATE  80X(ES) 

D  (a)  Human  subjects  D  (b)  Human  tissues  Q  (c)  Neither 

D  (a1)  Minors 
n  (a2)  Interviews 


SUMMARY  OF  WORK  CUw  jwi0»«  uwMucatf  lypK  Oo  not  (jneMtf  in*  spaca  pmnduA) 

More  than  20  ingredients  of  PDM-756,  a  partly  defined,  serum-free  medium  for  axenic 
cultivation  of  E.  histolytica  are  essentia]  for  growth  of  the  ameba.  In  the  presence  of  cysteine 
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Southern  hybridization  and  electrophoretic  migration  of  ribosomal  DMA  through  ethidium 
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antigen  (31-36  kd)  was  detected  with  all  patients'  sera,  including  sera  from  cyst  passers. 

Several  monoclonal  antibodies  produced  against  cell  surface  and  soluble  antigens  of  E. 
histolytica  recognized  antigens  from  all  tested  isolates  of  E.  histolytica,  but  not  from  other 
species  of  Entamoeba,  including  the  non-pathogenic  E.  histolytica-like  Laredo  type  ameba  from 
humans. 
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Studies  on  the  purification  of  an  anti-trypanosomal  factor  (ATF-II)  from  the  bacterial 
species.  Pseudomonas  fluorescens.  were  continued.  It  was  necessary  to  modify  the  punfication 
procedure  used  previously  m  order  to  obtain  pure  fractions  that  were  suitable  for  NMR  analysis. 
As  before,  we  used  high-speed  countercurrent  chromatography  (CCC)  employing  the  Ito  multilayerj 
coiled  column  but  in  the  high  pressure  chromatography  system  (HPLC)  we  employed  both 
preparative  and  analyticaJ  carbohydrate  analysis  columns  to  obtain  the  NMR  fractions.  Work  is  m 
progress  to  obtain  sufficient  amounts  ot  pure  compound  for  these  studies.  The  determination  of 
chemical  structure  is  essential  before  studies  on  synthesis  are  initiated  and  pharmacological  and 
toxicological  properties  are  examined  employing  experimental  infections  with  Trypanosoma  cnjzi. 
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This  proiect  is  concerned  with  (a)  the  genetic  diversity  of  Tn/panosoma  cruzi  and  its  implications 
to  the  epidemiology,  course  and  diagnosis  of  Chagas'  disease,  (b)  the  development  of  high 
resolution  flow  cytometry  instrumentation  for  analyses  of  cell  populations  and.  (c)  the  utilization 
of  flow  cytometry  and  low  light  level  video  microscopy  for  the  analyses  of  infectious  agents. 
The  marked  differences  in  total  DNA/cell  between  T.  cruzi  stocks  discovered  by  flow  cytometry 
has  been  confirmed  using  conventional  diphenylamine  analysis.  Electron  beam  x-ray  microchemical 
analyses  of  the  epimastigote  stage  of  T.  cruzi  clones  demonstrate  marked  intercional  differences 
in  Fe.  Zn.  S.  Mg,  K,  Ca  and  P.  Spectroscopic  analyses  reveal  that  T.  cruzi  clones  with  high  Fe 
content  also  have  a  proportionately  higher  cytochrome  content  than  T.  cruzi  clones  with  low  Fe 
content.  Studies  of  inter-donal  heterogeneity  are  being  extended  to  Leishmania  spp. 
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Z01  Al  00102-14  LPD 


PS3I0D  COVERED 

October  1 ,  1 987  to  September  30,  1 988 


1  TITLE  OF  PROJECT  (BO  cnancnrs  or  mss.  ma  mual  In  on  ana  ime  oeivraen  m»  xnMri  j 

j    Pathogenesis  of  Disease  Caused  by  Infection  with  Intracellular  Parasites 

PRINCIPAL  INVESTIGATOR  (Lit  otttt  protBaamntl  ptnonnti  owow  tfia  Pnnapal  Invastigaier.)  (Nama.  mta. 

laooraiory.  ara  injmua  tttihatnni 

PI: 

F.A.  Neva 

Chief 

LPD.  NIAID 

Others: 

D.  Sacks 
P.  Melby 
Steve  James 

Research  Microbiologist 
NRSA  Fellow 
Senior  Investigator 

LPD,  NIAID 
LPD,  NIAID 
LCI,  NIAID 

coopePATiNG  UNITS  lit  any)     Marvaro  Mea.  bcnooi.  boston,  MA  ^F.  von  UchienBerg);  Insiltut  de 
Salubridad  y  Enfermadades  Tropicales,  Mexico  City  (0.  Velasco);  Univ.  of  Maryland,  Center  for 
Vaccine  Development  (Stephen  Savarino);  Rajendra  Memorial  Institute,  Patna,  India  (Dr.  A.B. 
Sen  and  Staffs :  Cooperating  units  continued  on  last  page 


LAS/BRANCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

Cell  Biology  and  Immunology  Section 


INSTITUTE  ANO  LOCATION 

NIAID,  NIH,  Bethesda.  Maryland  20892 


TOTAL  MAN. YEARS; 
1.5 


PROFE5SK3NAL: 
1.0 


0.5 


CHECK  APPROPRIATE  80X<ES) 

Q  (a)  Human  subjects  Q  (b)  Human  tissues  D  (c)  Neither 

D   (a1)  Minors 
n  (a2)  Interviews 


SUMMARY  OP  WORK  (Uaa  imnda/tf  un/«Ouca0  (yp*.  Oo  not  (jreaatf  Of  ipaca  orevMML; 

During  the  past  year  work  on  this  project  has  mainly  involved  studies  of  the  immune    " 
response  to  leishmanial  infections  in  patients  with  different  clinical  forms  of  the  disease. 
The  survey  for  cases  of  diffuse  cutaneous  leishmaniasis  (DCL)  in  Mexico,  which  began  last 
year,  yielded  parasite  isolates  from  6  DCL  cases  and  4  from  patients  with  regular  cutaneous 
leishmaniasis  (CL).  One  isolate  was  L.  b.  braziliensis.  which  we  believe  has  not  been  found 
before  in  Mexico;  the  others  were  all  members  of  the  L.  mexicana  complex.  Since  both 
ulcerative  CL  and  the  unusual  anergic  type  of  DCL,  caused  by  apparently  the  same  species  of 
organism,  occur  in  the  same  geographic  area,  it  would  appear  to  be  the  best  area  to  study  host 
factors  responsible  for  OCL 

Four  patients  with  CL  and  one  new  Mexican  DCL  patient  were  studied  at  the  Clinical 
Center.  Cryopreserved  peripheral  blood  mononuclear  (P6M)  cells  from  regular  CL  cases  were 
found  to  give  essentially  the  same  proliferative  responses  a  fresh  cells.  In  contrast, 
cryopreserved  PBM  cells  from  a  DCL  case  showed  a  different  pattern,  in  keeping  with  our 
suspicions  that  the  cells  responsible  for  suppression  in  DCL  are  more  susceptible  to  damage  or 
destruction  by  freezing  than  are  most  other  PBMs.  However,  more  observations  on  DCL  patients 
are  needed  to  be  certain  of  this  conclusion. 

Collaborative  studies  have  been  initiated  with  Dr.  Ponce  in  Honduras  of  an  unusual  form 
of  cutaneous  leishmaniasis  due  to  L.  donovani  chagasi.  the  species  of  parasite  normally 
causing  visceral  leishmaniasis  in  Latin  America.  1 6  cases  (9  parasitologically  confirmed) 
have  occurred  in  an  island  community  where  kaJa  azar  has  also  been  present 
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CooperatinQ  Units,  cont: 


Ministry  of  Health.  Tegucigalpa,  Honduras  (Carlos  Ponce);  Dept.  of  Biology  Youngstown 
University.  Ohio  (R.  Kreutzer);  Yale  University  School  of  Public  Health.  Dept.  Epidemioloav 
New  Haven.  CT  (D.  McMahon-Pratt). 


U-I5b 


PBCcC 


DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  -  PUBLIC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT  ZOl    AI    00108-17    LPD 


PERIOD  COVERED 

October  1 ,  1 987  to  September  30,  1 988 


TITLE  OF  PROJECT  (BO  characten  or  (ssi.  no«  must  tit  on  on»  iin«  09rw»en  me  ooraersi 

Studies  on  the  Immunobiology  of  Malaria 


PRINCIPAL  INVESTIGATOR  (Ust  offw  protasaional  personnat  e»low  ma  Pnnapal  Imasngaior )  tNama.  aOa.  laooratory  ana  instmm  amiiaoon) 

PI:               LH.  Miller                     Head,  Malaria  Section  LPD,  NIAID 

M.F.  Good                    Visiting  Scientist  LPD,  NIAID 

R.W.  Gwadz                 Senior  Scientist  LPD,  NIAID 

S.  Kumar                       Visiting  Fellow  LPD,  NIAID 

Others:        T.  McCutchan               Senior  Scientist  LPD,  NIAID 

W.Weiss                      Guest  Worker  LPD,  NIAID 

F.  Dontfraid                   Guest  Worker  LPD,  NIAID 

Others  continued  on  last  page. 


COOPERATING  UNITS  (il  any) 

W.L.  Maloy,  Senior  Scientist,  LIC,  NIAID,  J.A.  Berzofsky,  Senior  Scientist,  Metabolism  Branch, 
NCI;  B.  Greenwood,  British  MRC,  The  Gambia,  West  Africa;  R.  Houghten,  M.  So,  Scripps  Clinic, 
LaJolla.  CA;  A.  Cochrane,  NYU  Medical  Center,  NY.  NY.  R.  Wall.  USDA,  Beltsville,  MD. 


LAe/BRANCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

Malaria  Section 


INSTITUTE  ANO  LOCATION 

NIAID.  NIH,  Bethesda,  MD  20892 


TOTAL  MAN-YEARS: 

2.9 


PR0FESSK3NAL 

2.5 


0.4 


CHECK  APPROPRIATE  BCX(ES) 

D  (a)  Human  subjects  H  (b)  Human  tissues  D  (c)  Neither 

D   (a1)  Minors 
n  (a2)  Interviews 


SUMMARY  OF  WORK  (Um  sfMan)  unraoucad  typa.  Oo  not  axe—O  Itm  spaca  pnmiDaa.) 

Circumsporozoite  (CS)  proteins  have  been  shown  to  act  as  the  protective  antigens  capable  of 
inducing  sporozoite-specific  immunity  in  several  species  of  malaria.  The  gene  coding  for  this 
antigen  in  Plasmodium  falciparum  has  been  isolated,  cloned,  and  incorporated  into  E.  cgji.  The 
recombinant  protein  induces  antibodies  in  mice  which  react  with  sporozoites  and  blocks  liver 
invasion  in  vitro. 

T  cells  are  critical  for  malaria  immunity,  not  only  because  they  serve  as  helper  cells  for  an 
antibody  response,  but  because  they  also  have  an  important  role  as  effector  cells.  The  level  of 
the  immune  response  to  a  given  immunogen  is  determined  by  Immune  Response  (Ir)  genes  and 
tolerance.  We  have  studied  the  interaction  of  the  malaria  parasite  with  the  host  immune  system 
and  we  have  found  evidence  that  the  parasite  has  lessened  the  level  of  the  immune  response 
against  it  by  host  mimicry  (and  resultant  immunological  tolerance)  and  by  limitation  and  variation 
within  T  sites  (i.e.  through  Ir  gene  control). 
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Qther  Investigators  cant: 

V  de  la  Cruz  Staff  Fellow  LPD.  NIAID 

I.A.  Quakyi  Guest  Wort^er  LPD.  NIAID 
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Z01  Al  00161-11    LPD 


PEBIOO  COVERED 

October  1 ,  1 987  to  September  30,  1 983 


TITLE  OF  PROJECT  (80  cnnctan  or  /»«.  Tinm  must  tit  on  ona  iin«  o«fw««n  rns  Ootnen.l 

Immunochemistry  of  Parasitic  Diseases 


PRINCIPAL  INVESTIGATOR  (list  aOttr  pmtusaiont  ptnonnt  Omtow  mm  Pnnapal  Invasngamr )  (N»m».  on*,  laooniory.  imt  msanjm  aftiilaooni 

PI:  T.E.  Nash  Medical  Officer  LPD,  NIAID 

Others:        F.A.  Neva  Chief  LPD,  NIAID 

R.A.  Adam  Medical  Staff  Fellow  LPD,  NIAID 

A.  Aggarwal  Visiting  Fellow  LPD,  NIAID 

M.  Ballard  Medical  Staff  Fellow  LPD.  NIAID 

A.W.  Cheever  Assistant  Chief  LPD,  NIAID 


COOPERATING  UNITS  (it  uty) 

M.M.  Levine,  D.A.  Herrington,  G.A.  Losonsky,  University  of  Maryland 


LAS/BRANCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

Host-Parasite  Relations 


INSrmjTE  ANO  LOCATION 

NIAID,  NIH,  Bethesda.  Maryland  20205 


TOTAL  MAN-YEARS; 

4.3 


PROFESSIONAL: 

2.8 


1.5 


CHECK  APPROPRIATE  BOWES) 

S  (a)  Human  subjects  £]  (b)  Human  tissues  D  (c)  Neither 

D  (al)  Minors 
D  (a2)  interviews 


SUMMARY  OF  WORK  (Uaa  stafKU/^  unrMuca^  (yp*L  Oo  net  (xeaatf  Ol*  ipaca  pronaaA) 

Antigenic  variation  has  previously  been  documented  in  vitro  using  the  WB  isolate  of  Giardia 
lamblia.  Similar  phenomena  occurred  in  two  other  isolates  indicating  antigenic  variation  occurs 
generally  in  Giardia  and  is  not  limited  to  specific  isolates.  Humans  and  gerbiis  were  inoculated 
with  defined  clones  of  Giardia  and  subsequent  isolates  studied.  Both  revealed  loss  of  the  major 
surface  antigens  and  replacement  with  other  antigens  demonstrating  antigenic  variation  occurs  in 
humans  and  gerbiis.  Analysis  of  humoral  responses  revealed  surface  and  isolate  specific 
responses. 

'  Ultrasonography  was  used  to  study  the  presence  of  Symmers'  fibrosis  in  treated  and 
controlled  populations  compared  to  untreated  villages.  A  marked  decrease  of  Symmers'  fibrosis 
was  found  in  the  treated  villages  showing  treatment  of  schistosomiasis  resulted  in  a  marked 
decrease  in  morbidity  and  mortality. 

The  need  for  humoral  antibodies  in  the  treatment  of  cysticercosis  with  praziquantel  was 
studied  in  T.  taeniaformis  infections  in  mice.  Mu  treated  mice  were  unable  to  cure  their 
infection  after  praziquantel  treatment  compared  to  competent  mice. 
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ZOI  Al  00162-12  LPO 


a€0.c:  :c.EaE: 

October  1. 

1S87  to  September  30. 

1988 

"^  Cf  aQ(X£C 

*   «0  :/>f9c:»n  >  «ij    'p»  -^uji 

It  X  jn»    ,rt  3»fti  »«n  ■"•  3<XTJ»rj 

3iOc!iemic2 

il  Cytology  of  Host-Parasite  interactions  m  Parasitic  Protozoa 

i»oi»^.p»t   NvES 

'G*"CR   ■_«  o<r««f  >Ty*uxy<«i  jarjonn*  o*>ow  -p*  ■>-»»c-o«   ''<'«»f>5«'0'      '••ff^    m*    toontor/    tro  "lur^-rt  t/^'ijoixi' 

PI: 

D.M.  Dwyer 

Supervisory  Microbiologist 

LPD.  NIAID 

Others: 

P.A.  Bates' 

Visiting  Fellow,  FIC 

LPD,  NIAID 

P.S.  Doyle 

Visiting  Fellow,  FIC 

LPD.  NIAID 

G-0.  Gbenle 

Intnatl.  Res.  Exchg.  Fellow.  FIC 

LPD,  NIAID 

D.J.  Mallinson 

Visiting  Feilow.  FIC 

LPD,  NIAID 

M.O.  Odera 

Guest  Investigator 

LPD,  NIAID 

K.B.  Pastakia 

Senior  Staff  Fellow 

LPD,  NIAID 

C.  McCarthy-Burke 

Biologist 

LPD,  NIAID 

*Dept.  Zool.,  Univ.  Glasgow;  Dept.  Imnnunol.  Infect.  Dis..  Johns  Hopkins  Univ.  (M.  Gottlieb); 
Dept.  Biol.,  Tecnnion-lsr.  Inst.  Tech.  (D.  ZJlberstein);  Dept.  Biochem.,  Univ.  Victona  (R.W. 
Qlafson);  Inst.  Med.  Parasit.,  Univ.  Bonn  (I.  Bonsch-Hermes). 


ijta«BAAM:M 
Laboratory  of  Parasitic  Diseases 


SfC~On 

Immunology  &  Cell  Biology 


NIAID.  NIH.  Bethesda.  Maryland  20892 


TOTAL  UAN-rEAPS  onOflSStOKAC  ,  QTViER; 

5.7  '     4.7  I  1.0 


CHECK  Aj»»«»o»»"tArB  aowes) 

D  (a)  Human  sutsiecta  £  (b)  Human  tissues  C  (c)  Nether 

^   (ai)  Minors 

_    ia2)   Interviews 


SOMMAPv  Of  MonK  (Um  mnaara  unrvoucao  ryp*.  Oo  na  ncua  ir<9  toacm  promm.) 

The  cell  biology  and  biochemistry  of  Leishmania  is  investigated  as  a  model  of  both  intra- 
and  extra-cellular  parasitism.  As  interactions  between  host  and  parasite  occur  at  the  level 
of  the  parasite  surface  membrane  (SM).  emphasis  is  placed  on:  1 )  charactenzing  its 
biochemical  and  physiological  functions;  and  2)  defining  its  roles  in  parasite  survival  and 
development. 

The  SM  proline-transport  protein  of  L.  donovani  promastigotes  was  identified  using  both 
direct  affinity  matnx-binding  and  anti-idiotype  antibody  (anti-ID)-based  methods.  The  anti- 
ID  was  generated  against  an  affinity  punfied  anti-polyproline  IgG.  The  anti-ID 
immunoprecipilated  the  Leishmania  SM  protein  and  it  also  inhibited  proline  transport  into 
intact  promastigotes  by  >50%.  The  SM  acid  phosphatase  was  partially  purified  and 
charactenzed.  The  biosynthetic  and  secretory  mechanisms  of  the  soluble  acid  phosphatase 
(SAcP)  were  defined  and  localized.  Antigenic  cross-reactivity  was  demonstrated  amongst  the 
SAcP's  produced  by  promastigotes  of  various  leishmanial  species.  Oligonucleotide  probes  were 
used  to  identify  and  done  the  gene(s)  for  SAcP.  The  SM  3'-nucleotidase  was  punfied  to 
homogeneity  and  its  amino  terminus  sequenced.  The  SM  5'-nucleotidase  was  also  isolated. 

t    punfied  and  characterized. 

>  The  current  results  provide  further  functional  characterization  of  parasite  SM 

constituents  and  these  might  serve  as  targets  for  the  design  of  new  chemotherapeutic  agents 
and/or  immunodiagnostic/prophylactic  reagents. 
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PEHIOO  COVERED 

October  1,  1987  to  September  30.  1988 


TITLE  OF  PROJECT  (ao  cntuatn  or  i^aa.  Titl0  must  M  on  on»  Iin9  ottwttn  m»  ooraan.) 

Immunoregulat-ion  and  immune  recognition  in  filariasis  and  non-filahal  diseases. 


PRINCIPAL  INVESTIGATOR  (Ust  otffr  prnttaannm  panannml  Otow  m*  Prmaol  Invsogamr )  (Namm.  mta.  laooraiory.  tna  insrnm  tmiiatxin} 

PI:  T.B.  Nutman  Senior  Investigator  LPD,  NIAID 

Others:        E.A.  Ottesen  Senior  Investigator  LPD,  NIAID 

D.  Freedman  Medical  Staff  Fellow  LPD,  NIAID 

C.L  King  Medical  Staff  Fellow  LPD,  NIAID 

R.  B.  Lai  Visiting  Scientist  LPD,  NIAID 


COOPERATING  UNITS  (H  vty) 

Department  of  Clinicai  Immunology,  University  of  Winnipeg,  Manitoba,  Canada  (G.  Delespesse); 
Department  of  Oncfiocerciaisis,  SNEM,  Guatemala  City,  Guatemala  (G.  Zea-Flores),  Tuberculosis 
Research  Center.  ICMR,  Madras,  India  (P.  Narayanan.  V.  Kumaraswami). 


LAa/SfUNCM 

Laboratory  of  Parasitic  Diseases 


SECTION 

Clinical  Parasitology  Section 


INSTTTUTH  ANO  LOCATION 

NIAID.  NIH.  Bethesda.  Maryland  20892 


TOTAL  MAf^YEARS: 
1.2 


PROFESSX3NAL: 
1.0 


0.2 


CHECK  APPROPRIATE  3CX<ES> 

S?  (a)  Human  subjects  S  (b)  Human  tissues  D  (c)  Neither 

n  (al)  Minors 
D   (a2)  Interviews 


SUMMARY  OF  WORK  (Um  imr*M>«  unrMucM  ypm.  Oa  ne»  »*ema  fm  wem  pnmma.) 

The  purpose  of  this  project  is  to  delineate  the  mechanisms  involved  in  regulating  the 
humoral  and  cellular  responses  in  patients  with  filariaisis  and  otiier  disease  states. 
Immunoregulatory  studies  have  examined  the  phenomenon  of  antigen-specific  anergy  in 
microfilaremic  patients  by  showing  tiiis  anergy  at  the  level  of  antibody  (B  cell)  and  lymphokine 
(T  ceil)  responsiveness.  Further,  similar  T  cell  anergy  has  been  found  among  patients  with 
active  onchocerciasis.  The  infiuenca  of  genetic  factors,  antigen  composition,  and  specific 
antifilarial  chemotherapy  on  this  anergy  has  begun  using  molecular  biological  tools  and  defined 
antigens. 

In  vitro  models  of  parasite-antigen  driven  antibody  production  as  well  as  parasite-specific 
and  HTLV-I  transformed  T  cell  dones  have  been  developed  to  understand  in  more  detail  those 
mechanisms  regulating  antibody  production  (particularly  IgG  and  IgE)  in  filarial  and  non-fiiarial 
diseases. 

Qualitative  analysis  of  filaria-specific  IgE  and  IgG  in  loiasis,  lymphatic  filariasis.  and 
onchocerciasis  have  indicated  patterns  of  antigen  recognition  which  differ  among  groups  of 
patients  with  different  clinical  manifestations  of  filariasis.  Using  these  techniques,  antigens 
recognized  exclusively  by  patients  with  loiasis  or  onchocerciasis  have  been  identified.  RIarial 
species-specific  antigens  recognized  by  human  monoclonal  antibodies  derived  from 
EBV-transfomried  patient  B  cells  have  also  been  identified  and  characterized.  Further,  FPLC 
fractionation  and  qualitative  analysis  of  the  antigenic  components  of  filarial  parasites  has 
identified  a  two  sets  of  proteins  which  appears  to  regulate  the  immune  response  at  both  the 
cellular  and  humoral  level. 
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Z01  Al  00208-08  LPD 


P6OK30  COVERED 

October  1 .  1 987  to  September  30.  1 988 


The  Isolation  and  Characterization  of  Plasmodial  Genes 


PRiNCiPAi.  ■NvESTiGA'OR  'Ust  oiKm  ara^unonar  oanonn*  s^ww  r^  "-^cott  "t^tnQamr  i  iNt/nt.  an:  .aeoranyy  tna  <flson/r*  ur»tooni 


PI: 

Others: 


T.F.  McCutchan 

V.  de  la  Cruz 
K.  Vernick 
A.  Waters 
J.  Welsh 


Microbiologist 

Staff  Fellow 
Technician 
Visiting  Associate 
Biologist 


LPD.  NIAID 

LPD.  NIAID 
LPD.  NIAID 
LPD.  NIAID 

LPD.  NIAID 


COOPERA'iNG  UNITS   *  vyi 


None 


LA&VRANCh 

Laboratory  of  Parasitic  Diseases 


SECTION 

Malana  Section 


NSTITUTE  AND  LOCATION 

NIAID.  NIH,  Bethesda.  MD  20892 


TOTAL  WlAN-rEAAS 

5.0 


PROFESSIONAL 
4.0 


1.0 


CH€CK  AP»ROPRlArE  aOXiES) 

D  (a)  Human  subjects 
C   (al)  Minors 
Z]    (a2)  interviews 


C  (b)  Human  tissues  S  (c)  Neither 


SUMUAPV  Zf  iVCPK   um  tnnaara  jnrtaucma  ryp*   Do  not  «je»»tf  in*  toacm  pnxnota ) 

This  laboratory  has  been  involved  in  contributing  to  the  development  of  a  malarial  vaccine. 
To  this  end  we  have  been  characterizing  surface  antigen  genes  from  Plasmodium  falcipamm.  We 
fiave  found  that  variation  in  the  circumsporozoite  gene  of  P.  falciparum  is  likely  to  be 
biologically  selected  because  of  interaction  of  the  parasite  surface  molecule  with  host  T-ceils. 

We  have  also  studied  the  ribosomal  RNA  of  different  malarial  parasites.  Information  from 
these  studies  has  important  ramifications  for  the  development  of  malaria  diagnostics,  the 
understanding  of  evolutionary  relationships  among  the  different  malarial  species  and  the 
understanding  of  control  of  the  parasites  developmental  cycle. 


PmS  «040  iAot 


aro  (I*-*!* 
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OEPAflTMENT  OF  HEALTH  ANO  HUMAN  SERVICES  -  PUBLIC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


=  nOj£C-  -iLMBE^ 


Z01  Al  00240-07  LPD 


PSBlOO  COVEHED 

October  1 ,  1 987  to  September  30,  1 988 


TITLE  OF  PROJECT  (30  cfiancmn  or  leas.  Titia  must  In  on  ana  una  oarwaan  ma  aoraars.) 

Antigenic  Analysis  of  Sexual  Stages  of  Malaria  Parasites 


PRINCIPAL  INVESTIGATOR  (Uat  otfmr  pmttiaioni  panonnm  Oatow  ma  Pnnapl  Invasogawr )  (Hama.  Ma.  laooraiory.  ana  msmuta  aftiliaoan) 

PI:  D.  Kaslow  Medical  Staff  Fellow  LPD.  NIAID 

LH.  Miller  Head.  Malaria  Section  LPD.  NIAID 

T.F.  McCutchan  Microbiologist  LPD,  NIAID 

Others:        C.  Syin  Guest  Worker  LPD.  NIAID 

I.A.  Quakyi  Guest  Worker  LPD.  NIAID 

D.  Keister  Biologist  LPD.  NIAID 

J.  Coligan Branch  Chief  BRB.  NIAID          

cooPEPATiNG  UNITS  (if  any)       u.  ot  (Joiombo.  bH  Lanka  (K.  Menais);  nan/ara  tacn.  or  h'uD.  Mitn,  boston  (U 
Wirth);  Papua  New  Guinea  Inst.  Med.  Res.  (P.  Graves);  Naval  Med.  Res.  Inst..  Bethesda,  MD  (A. 
Szarfman);  Hazelton  Laboratories,  VA  (J.  Rener);  U.  of  Edinburgh.  Scotland  (R.  Carter);  Sch.  of 
Pub.  HIth.  Hopkins  U.  (N.  Kumar) 


LAB/BRANCH 

Laboratory  of  Parasitic  Diseases 


secnoN 
Malaria  Section 


INSTrrUTE  ANO  LOCATION 

NIAID.  NIH,  Bethesda.  MD  20892 


TOTAL  MAN-YEARS: 

4.6 


PROFESSK3NAL; 

3.2 


1.5 


CHECK  APPROPRIATE  aOX(ES) 

n  (a)  Human  subjects           ED  (b)  Human  tissues          O  (c)  Neither 
D  (al)  Minors 
n  (a2)  Interviews  


SUMMARY  OF  WORK  fUa»  Jtantfvtf  unnducad  typu.  Oo  nal  •Jceaa0  trm  «aca  pnxnOM.) 


Three  proteins  present  on  the  surface  of  gametes  and  ookinetes  have  been  identified  by 
monoclonal  antibodies  as  targets  of  antibodies  that  block  infectivity  of  gametocytes  to  mosquitoes, 
We  cloned  one  of  these  proteins  by  immunoaffinity  purifying  the  protein,  microseuquencing  tryptic 
peptides  of  the  protein,  and  then  screening  genomic  libraries  with  oligonucleotides.  The  methods 
for  purifying  the  other  target  proteins  for  microsequencing  are  currently  being  developed.  We 
have  continued  the  search  for  novel  target  antigens  of  antibodies  that  block  transmission  of 
sexual  stage  malaria  parasites,  and  have  identified  a  parasite  molecule  that  may  be  involved  in 
release  of  gametocytes  from  red  blood  cells. 


PHS  8040  (R«».   V9*)  O'O  tt4-«l« 
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06PA«TMENT  OF  HeACTM  AND  HUMAN  SERVICES  •  PUBLIC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


Z01  Al  00241-07  LPD 


October  1 ,  1 987  to  September  30,  1 988 


Cent:fication  of  Receptors  for  Merozoite  invasion  of  Erythrocytes 


»oi>«C;'*L  NvES~G>TOW  iLji  aiT<m  yoUMKy  uiigvui  atfom  Jx  ^■vooi  "»«ii>gi((y  v«ffi«    -n*    aocy«r(xv   ««J  "jooit*  i/fm«oonp 

i    PI-  LH.  Miller  Section  Head  LPD,  NIAID 

I 

I    Others:        J.  Adams  Biologist  LPD.  NIAID 

D  Hudson  Biologist  LPD,  NIAID 

T  Weilems  Sr.  Staff  Fellow  LPD.  NIAID 


WRAIR,  Washington.  DC  (F.  Klotz  and  J.D.  Haynes);  Hazelton  Laboratones,  Vienna,  VA  (J. 
Rener):'Case  Westem  Reserve  Univ.,  Cleveland.  OH  (M.  Aikawa);  Univ.  of  Kentucky  Sch.  of  Med. 

(T.  Hadley),  University  of  Dublin  (J.  Dalton) 

u^ft,6«A^>CH 

',-aboratory  of  Parasitic  Diseases 

Maiana  Section 

INSTTTJTE  ANO  LOCATION 

NIAiD.  NIH,  Bethesda,  Maryland  20205 


■^CTAL  MA^^.»■CAPS  P«»OfESS)ONAL 

2.4  i       1.4    


1.0 


;  CHECK  AP«>«»CP«IATE  90)QES) 

Z  (a)  Human  sutsiects            ICJ  (b)  Human  tissues           C  (c)  Neitfier 
Z    (ai)  Minors 
C    (a2)   interviews  


SOMUARv  o^  ivORK  mm  tttrovn  <nr»aucma  rypu  Oo  nor  axosao  trm  ipao*  pmniMA) 

The  merozoite  interacts  in  a  receptor  specific  manner  with  the  erythrocyte  surface  and  is 
the  stage  against  which  immunity  may  work  to  block  invasion.  Thus,  merozoite  surface 
components  are  of  interest  for  their  role  in  erythrocyte  recognition  and  as  antigens  for 
induction  of  protective  immunity.  We  are  identifying  P.  knowlesi  receptors  for  attachment  to 
monkey  and  human  erythrocytes  and  P.  falcipanjm  proteins  that  are  involved  in  the  junction 
between  merozoites  and  erythrocytes.  We  are  studying  one  antigen  on  the  merozoite  surface 
that  undergoes  antigenic  variation  to  understand  the  molecular  basis  for  this  vanation.  We 
are  attempting  to  adapt  P.  falcipanjm  to  subprimates  as  an  animal  model  for  vaccine  trials. 


14-22 


==0.£CT  \L.M9£  = 
OEPAflTMENT  OF  HEALTH  AND  HUMAN  SERVICES  •  PUBLIC  HEALTH  SERVICE 


ZOl    AI    00242-07    LPD 
NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PEBIOO  COVERED 

October  1.  1987  to  September  30.  1988 


TITLE  OF  PROJECT  (30  cfimcnn  or  lasa.  Fitm  must  tit  on  on»  i(rm  otiwean  ma  ooroors  ; 

Biological  and  biochemical  studies  of  antigens  on  malaria-infected  red  ceils. 


PRINCIPAL  INVESTIGATOR  (UM  otntr  prottasiorm  penonnm  cmtow  ma  Pnnapal  Invasngator )  iNama.  atla.  laoonnyy  ana  msonjta  ttniiaaant 

PI:  R.  Howard  Visiting  Scientist  LPD,  NIAID 

Others:        LH.  Miller  Section  Head  LPD,  NIAID 

L.J.  Panton  Visiting  Fellow  LPD,  NIAID 

A.S.  De  Groot  Clinical  Associate  LPD,  NIAID 

W.  Daniel  Research  Associate  LPD.  NIAID 


COOPERATING  UNITS  (H  any) 

Case  Western  Resen/e  University  (M.  Ail<awa,  C.  Atldnson);  Christian- Albrecht's  University,  West 
Germany  (R.  Schauer,  G.  Reuter);  University  of  California  San  Francisco  (J.  Leech,  P.  Rosenthal); 
DNAX  Research  Institute.  Palo  Alto  (T.  Yokota.  K.  Moore). 


I>a/BRANCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

Malaria  Section 


iNsrrruTE  ano  location 
NIAID.  NIH.  Bethesda.  Maryland  20892 


TOTAL  MAN. YEARS: 

0.6 


PROFESSIONAL: 

0.4 


0.2 


CHECK  APPROPRIATE  aOX(ES) 

D  (a)  Human  subjects  D  (b)  Human  tissues  13  (c)  Neither 

D  (al)  Minors 
n  (a2)  Interviews 


SUMMARY  OF  WORK  ^Um  tmxfnt  unraduGati  ypu.  Oo  noi  axemd  tnu  jpwa  prenOML; 


We  are  studying  the  structure  and  function  of  malarial  proteins  inserted  into  and  through 
the  membrane  of  erythrocytes  infected  with  mature  asexual  parasites  and  molecules  on  the 
endothelial  ceils  involved  in  cytoadherence. 

Molecular  biological  approaches  are  being  developed  for  attempted  cloning  of  the  P.  knowlesi 


variant  antigen  on  infected  erythrocytes  and  the  P.  falcipaaim  protein  PfEMPI  that  our  eariier 
studies  implicated  in  the  cytoadherence  property  of  these  cells. 


PHS  60«0  (R«v.  i/d4»  arotta-af* 
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OEPARTMfNT  OF  HEALTH  AND  HUMAN  SERVICES   PUBLIC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


ZOI  Al  00244-0-  LPD 


OctcDer  1 .  1 987  to  SectemDer  30.  1 988 


—"J  3»  »'»0«.£C'"   to  atmrmatn  or  ••u    ""ot  mun  •«  an  on*  . 

StuGies  on  the  Develoomental  Adaotation  of  Tn/panosoma  cru;i  to  the  Vertebrate  Immune  System. 


••.sC:**k.   NvES^GA'Cn   „«  3(nv  mntionti  j»rTowwi  amnm  rm  •^'^r.aom  rn/to^tor     Mam*    m»    aotvarery   ana  ■monjn  •mr>«owti 

5l:  A.  Sher  Section  Heaa  LPD.  NIAID 


Others: 


R.  Da  Silva 
S.  Heath 
K.  Joiner 
M.  Gnmaldi 
D.  Sacks 


Fogarty  Fellow 
Fogarty  Fellow 
Senior  Investigator 
Fogarty  Fellow 
Senior  Investigator 


LPD.  NIAID 
LPD.  NIAID 
LPD.  NIAID 
LPD.  NIAID 
LPD.  NIAID 


CCXD^a»'nNO  jNiTS  '#  Tri 


None 


lAAWUmCh 

Laboratory  of  Parasitic  Diseases 


SECnON 

Immunology  and  Cell  Biology 


INSTTTUTg  AMO  LOCATION 


NIAID.  NIH.  Bethesda.  Maryland  20892 


TOTAL  MAM-yEAPS 


2.5 


«>«OfESS»CNA»_ 

2.0 


0.5 


CviECX  A^»«0*«iArE  SOXJES) 

I  ~   (a)  Human  suO|«ct3 
_    (ai)  Minors 
Z   (a2)  interviewa 


_   (b)  Human  tissues 


':il  (c)  Neitner 


SUMMAMV  Of  WOAK  (Um  I 


>  Ki»i>««il  ryem-  Oa  nor  i 


In  this  project  we  have  been  studying  developmental  adaptations  of  T.  cnjzi  to  the  vertebrate 
host  and,  m  particular,  the  molecular  basis  of  adaptive  changes  occurring  during  the 
differentiation  of  epimastigotes  (vector  stage)  to  metacydic  trypomastigotes  (infective  stage). 

A.  Studies  on  developmental  control  of  intracellular  survival  in  macrophages 

Epimastigotes  were  shown  to  enter  mouse  macrophages  by  CR3  receptors  while  the  entry  and 
survival  of  metacydic  trypomastigotes  was  shown  to  be  enhanced  by  complement  but  also  to 
depend  on  fibronectin  receptors. 

B.  Analysis  of  stage-specific  gene  expression  in  metacydic  forms 

Metacydic  stage  specific  cDNAs  were  cloned  from  T.  cruzi  and  L.  major.  Sequence  analysis 
indicated  that  the  pnncipal  T.  cruzi  done  has  homology  with  a  c-fos  proto-oncogene  while  the  l„ 
maior  clone  has  homology  with  3-chain  of  RNA  polymerase. 


U-24 
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DEPABTMENT  OF  HEALTH  AND  HUMAN  SERVICES  ■  PUBUC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


3(5CjeC'  ^-iumSE: 


Z01  Al  00246-06  LPD 


PERIOD  COVEHED 

October  1 .  1 987  to  September  30,  1 988 


TITLE  OF  PROJECT  (30  cnmcmn  or  i«s3.  Titlt  must  lit  on  ona  ima  oatween  ma  Ooraars  > 

Molecular  Studies  of  the  Genome  and  Surface  of  Schistosoma  manso' 


PRINCIPAL  INVESTIGATOR  (Ust  oom  prjtasaionu  panormat  oakm  r>a  Pnnapal  Imaaogaior  i  (Nama.  ana.  laooratory.  tm}  immura  alfiiiaooni 


PI: 
Others: 


A.  Sher 

E.  J.  Pearce 
M.  Knight 
L  Hall 
A.  Cheever 
J.  Coligan 


Section  Head 

Visiting  Associate 
Special  Volunteer 
Medical  Staff  Fellow 
Assistant  Chief 
Chief 


LPD,  NIAID 

LPD.  NIAID 
LPD,  NIAID 
LCI,  NIAID 
LPD,  NIAID 
BRB,  NIAID 


COOPERATING  UNITS  (if  u>y) 

Biomedical  Research  Institute,  Rockville,  MD  (F.  Lewis). 


LAS/BRANCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

immunology  and  Cell  Biology  Section 


INSTmjTE  ANO  LOCATION 

NIAID.  NIH.  Bethesda.  Maryland  20892 


TOTAL  MAN-VEARS: 

2.1 


PROFESSK3NAL; 

1.6 


0.5 


CHECX  APPROPRIATE  aOX<ES) 

D  (a)  Human  subjects 
D  (al)  Minors 
D  (a2)  Interviews 


D  (b)  Human  tissues  El  (c)  Neither. 


SUMMARY  Of  WORK  (U»  slmnOai^  unnoueati  (ypa.  Oe  net  ancma  ttm  tpac*  provOML^ 

The  aim  of  this  project  is  to  characterize  schistosome  surface  molecules  relevant  to 
immunity,  to  analyze  the  genome  of  the  parasite  in  relation  to  specific  biological  properties  of 
the  organism  and  to  done  important  schistosome  immunogens. 

A.  Molecular  biology  of  paramvosin.  Paramyosin  was  shown  to  be  encoded  by  an  unusually 
large  transcript.  cDNA's  comprising  unsequenced  portions  of  the  molecule  were  isolated 
along  with  peptides  in  these  same  regions. 

B.  Demonstration  of  lipid  anchors  on  schistosomulum  membrane  proteins.  Four  major 
schistosomulum  surface  antigens  of  Mr  70k,  32k-38k  and  1 8k  were  shown  to  be  anchored  in 
the  tegument  by  phosphatidylinositol  linkages  and  released  in  the  form  of  membrane  vesicles 

C.  Detection  of  host  DAF  on  the  schistosome  membrane.  Using  specific  antibodies,  host 
decay  accelerating  factor  (DAF)  was  identified  in  the  membrane  of  schistosomes  recovered 
from  monkeys  and  guinea  pigs. 


PHS  ao*a  (Rm  1/84) 
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OtPABTMENT  Of  hMLTM  ANO  HUMAN  SERVICES  •  PUBLIC  HEALTH  SERVICE 
NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


Z01  Al  00248-0 -L?D 


October  1 .  1 987  to  September  30.  1 988 


Genetics  &  Physiology  of  Vector  Capacity  in  Anopheline  Mosquitoes 


PI:  R.W.  Gwadz 

LH.  Miller 

R.K.  Sakai 
Others:         P.A.J.  Romans 

K.D.  Vemick 

D.  Kasiow 

J.  Y.  Lee 
Others  continued  on  iast  page. 


Senior  Scientist 
Section  Head 
Expert 

Visiting  Fellow 
Bio.  Lab.  Tech. 
Med.  Staff  Fellow 
Visiting  Fellow 


LPD.  NIAID 
LPD,  NIAiO 
LPD,  NIAID 
LPD.  NIAID 
LPD,  NIAID 
LPD.  NIAID 
LPD.  NIAID 


COCPEHATIMJ  ^NiTS   '  tryi 


Dept.  of  Entomology.  U.  of  Maryland.  College  Park.  MD  (Dr.  M.  Ma);  Institute  of  Parasitology,  U. 
of  Rome  (Dr.  M.  Coluzzi);  Institute  of  Pathology,  Case  Western  Reserve  School  of  Medicine  (Dr. 
M.  Aikawa):  Ecoie  Nationale  de  Medecine.  Bamako.  Mali  (Dr.  Y.T.  Toure):  WRAIR  (K.L.  Sim) 


L>*rSAAMCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

Malana  Section 


IHSTTTUTE  ANO  LOC»nCN 

NIAID,  NIH.  Bethesda.  Maryland  20892 


TOTAL  MAN-  •  ^_»BS 


P'X^ESSlONAC 

6.1 


1.8 


CHECK  A^»«»C»»«UkTE  90X/fS1 

C  (a)  Human  suDiecta 
_   (ai)  Minora 
~   (al)  Interviews 


D  (b)  Human  tissues  @  (c)  Neither 


SOUMAAv  Of  WCPK   Urn  amna^v  >«v«auoM  rypa.  Oo  nor  «j««a  vw  aoi 

The  molecular  biology  of  anopheline  mosquitoes  is  being  studied  in  relation  to  the  capacity 
of  these  vectors  to  transmit  malana.  Systems  for  cloning  and  transposing  genes  into  mosguito 
germ  lines  are  being  developed.  Factors  which  render  mosquitoes  refractory  to  malanal  infection, 
with  special  emphasis  on  mechanisms  which  encapsulate  developing  parasites,  are  being  defined. 
Linkage  of  refractory  genes  to  genes  regulating  blood-meal  associated  physiological  events,  e.g.. 
vitellogenin  synthesis,  will  be  used  to  enhance  refractory  responses. 

Additional  parasiticidaJ  mechanisms  from  within  and  outside  of  mosquitoes  are  being  sought 
with  special  emphasis  on  the  evaluation  of  maqaimns  and  cecropms.  their  physiological  effects  on 
in  vivo  parasite  development  and  the  molecular  biology  of  the  genes  coding  for  their  production. 

The  ability  to  identity,  done,  and  transpose  genes  which  regulate  refractory  mechanisms 
should  permit  the  development  of  mosquito  lines  incapable  of  transmitting  malana  for  use  in 
malana  control  schemes. 
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201  Al  00248-06  LPD 


Other  Investigators  cont.: 

Others:  H.G.  Coon  Senior  Investigator  LG,  NCI 

P.  Kantoff  Senior  Investigator  LMH,  NHLB! 

K.  Mizuuchi  Senior  Investigator  LMB.  NIDDK 

K.-P.  Sieber  Staff  Fellow  LPD.  NIAID 

M.  Huber  Visiting  Fellow  LPD,  NIAID 

C.  Graziosi  Guest  Worker  LPD.  NIAID 
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DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  •  PUBLIC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


Z01  Ai  00251-07  LPD 


PEBIOO  COVERED 

October  1 , 1 987  to  September  30,  1 988 


TITLE  OF  PROJECT  (80  cnvwcmrs  or  WM.  ni*  must  m  on  on»  /i/w  0«(w««n  rn»  Oorotn.) 

Immunologic  Studies  on  Schistosomiasis 


PRINCIPAL  INVESTIGATOR  (List  otnmr  prot»33ient  pmnonnul  otksw  tm  Prmapl  Invastiguor )  (Nam*,  aa:  laoorMtofy.  tna  msarum  trtihttmnt 

PI:  A.  Sher  Section  Head  LPD,  NIAID 

Others:        E.  J.  Pearce  Guest  Worker  LPD,  NIAID 

P.  Brindiey  Fogarty  Fellow  LPD,  NIAID 


COOPERATING  UNITS  (If  uty) 

George  Washington  University  (S.L.  James);  Johns  Hopkins  University  (M.  Strand);  Fiocruz,  Belo 
Horizonte,  Brazil  (R.  Correa-Oliveira). 


LAS/BRANCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

Immunology  and  Cell  Biology  Section 


INSTrrUTE  AND  LOCATION 

NIAID,  NIH.  Bethesda.  Maryland  20892 


TOTAL  MAN^YEARS: 

2.8 


PROFESSK3NAL; 
2.0 


0.8 


CHECK  APPROPRIATE  aOX(ES) 

D  (a)  Human  subjects  @  (b)  Human  tissues  D  (c)  Neither 

D  (al)  Minors 
D  (a2)  Interviews 


SUMMARY  OF  WORK  (Urn  aanOMM  umwHueaa  ryps.  (3e  not  cieaad  ffw  spao*  pmnouo.) 

The  aim  of  this  project  is  to  study  mechanisms  of  immunity  and  immune  evasion  in 
schistosomiasis  with  the  ultimate  goal  of  developing  an  experimental  vaccine  employing  defined 
antigens. 

A.  Vaccination  trials  with  purified  paramvosin  and  GST.    Paramyosin  and  glutathione-S 
transferase  (GST)  were  both  shown  to  induce  protective  immunity  in  mice  using  either  BOG 
or  saponin  as  adjuvants,  while  combining  the  two  antigens  had  no  additive  effect. 

B.  Recognition  of  paramvosin  bv  endemic  populations.  Patients  in  a  Brazilian  field 
population  were  screened  for  antibodies  against  paramyosin.  Asymptomatic,  non-infected 
individuals  were  found  to  develop  higher  responses  than  infected  patients  while  hepato- 
splenic  patients  developed  lower  responses  on  average  than  either  group. 

C.  Characterization  of  non-paramvosin  T  cell  protective  immunoqens.  Non-paramyosin 
molecules  which  could  serve  as  immunogens  for  protective  immunity  were  characterized  usin|g 
T  cell  immunoblotting  and  chromatographic  techniques. 

D.  Role  of  antibodies  against  Sm-200  in  praziquantel  therapy.  In  passive  transfer  studies  a 
monoclonal  antibody  against  a  200  kD  tubercle  glycoprotein  was  shown  to  restore  the  ability 
of  u-suppressed  mice  to  eliminate  adult  wonris  when  treated  with  praziquantel. 


?Ha  StMO  (R<v.  w84)  ,.     ...  ePoai4>«it 
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OEPABTMCNT  OF  MtALTH  AND  HUMAN  SCBVICES      PUBLIC  MgALTM  SEPViCE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 

Z01  Al  00253-G'  LPD 


October  1 .  1 987  to  Seotemoer  30.  1 988 


Studies  of  the  immunological  Responses  to  Filanal  Infections 


PHIHC.PU.  NvES 

PI: 

E.A.  Ottesen                 Senior  Investigator 

■  ffnm   30» 

toortmrf   tna  moo™  •»««ooni 

LPD.  NIAID 

Otfiers: 

T.B.  Nutman 
D.  Freedman 
R.  Hussam 
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SUWUAPV  OP  ifOPK  .Um  •ranoani  jfuwaucma  ryp«.  Jo  '■or  «jc«»tf  ff  loacs  oremxaj 

The  purpose  of  this  project  is  to  define  the  humoral  and  cellular  immune  responses  that 
relate  to  immunopathology,  protective  immunity  and  immunodiagnosis  of  patients  with  lymphatic 
filanasis  and  onchocerciasis. 

Antibodies  of  the  IgG  subclasses  appear  differentially  associated  with  the  clinical 
manifestations  of  bancroftian  filanasis;  patients  with  elephantiasis  have  prominent  igGo  antifilahal 
antibodies  and  minimal  igG4  responses  while  the  opposite  is  true  for  those  with  asymptomatic 
infection.  These  lgG4  antibodies  appear  to  be  the  "blocking  antibodies"  responsible  for  inhibiting 
IgE-mediated  immediate  hypersensitivity  responses  in  vitro  and  in  vivo,  and  they  have  also  proven 
to  be  useful  diagnostically. 

The  eosinophil  granule  proteins  MBP  and  ECP.  important  in  the  pathogenesis  of  helminth 
infections,  can  now  be  defined  in  tissues  by  immunofluorescence  (MBP)  and  in  fluids  by  ELISA 
with  monocionaJ  antibodies. 

Populations  with  bancroftian  filanasis  or  onchocerciasis  have  been  examined  to  define 
immunologic  parameters  that  distinguish  "naturally"  immune  from  infected  individuals.  A  43kD 
protein  from  infective  larvae  appears  as  a  potential  protective  immunogen  for  bancroftian 
filanasis.  and  specific  probes  are  being  generated.  Enhanced  T-cell  reactivity  to  parasite  antigen 
was  the  marker  most  clearly  distinguishing  putatively  immune  individuals  from  those  with  overt 
onchocerciasis. 
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PERIOD  COVERED 

October  1 ,  1 987  to  September  30,  1 988 


TITLE  OF  PROJECT  (BO  cfivacnn  or  itsa.  Tle»  must  ht  on  on»  iin»  o»(w»«n  ma  ooroarsj 

Studies  of  the  Immunologic  Responses  to  Non-Filariai  Helminth  Infections 


PRINCIPAL  INVESTIGATOR  (U3t  olhtr  prottuioni  pwsonnm  oiow  m»  Prtnapal  InvmsBgator )  (Nama.  atla.  laDoratOY  ani  instmn  attiliaaon} 

PI:  E.A.  Ottesen  Senior  Investigator  LPD,  NIAID 


Others: 


T.B.  Nutman 
D.O.  Freedman 
a!w.  Cheever 


Medical  Officer 
Medical  Staff  Fellow 
Assistant  Chief 


LPD.  NIAID 
LPD,  NIAID 
LPD,  NIAID 


COOPERATING  UNITS  (it  ary) 

None 


L>a/8RANCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

Host  Parasite  Relations 


INSrmjTE  AND  LOCATION 

NIAID.  NIH,  Bethesda.  Maryland  20892 


TOTAL  MAN. YEARS: 

0.5 


PROfESSKSNAL; 
0.5 


0.0 


CHECK  APPROPRIATE  8CX(ES) 

D  (a)  Human  subjects 
D  (al)  Minors 
D  (a2)  Interviews 


Q  (b)  Human  tissues  D  (c)  Neither 


SUMMARY  OP  WORK  (Uaa  itanoartf  unmtueaa  rypK  Oo  not  a*emd  am  ipao>  piwiOta.) 

,  To  account  for  the  neo-arteriolization  of  the  peri-portal  fibrotic  tissue  around  the  eggs  of 
Schistosoma  mansoni  in  the  livers  of  infected  humans,  parasite  products  were  evaluated  for 
endothelial  cell  growth  factor  activity.  Very  potent  endothelial  cell  activation  and  proliferation 
were  induced  by  soluble  antigens  from  eggs  (SEA)  but  not  adult  schistosomes,  all  in  the  absence 
of  any  immune  cells  or  factors.  SEA  from  S.  iaponicum  also  stimulated  endothelial  proliferation 
but  to  a  much  lesser  degree  than  did  that  of  S.  mansoni:  S.  mekonqi  and  S.  hematobium  SEA 
were  ineffective  in  stimulating  these  cells  to  proliferate.  All  the  angiogenic  factors  thus  far 
elucidated  have  been  derived  from  mammalian  sources.  That  a  parasitic  invertebrate  could  be 
capable  of  producing  a  unique  angiogenic  substance  or  be  able  to  mimic  one  normally  produced  b;^ 
its  host  has  important  biological  implications. 
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DiHerentiation  of  Leishmama  Promastigotes 
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PI: 

Other 


0.  Sacks 

R.  da  Sllva 
S.  Puentes 
L  Hall 
K.  Joiner 


Senior  Investigator 

Fogarty  Fellow 
Clinical  StaH  Fellow 
Clinical  StaH  Fellow 
Senior  Investigator 


LPD.  NIAID 

LPO.  NIAID 
LC!.  NIAID 
LCI,  NIAID 
LCI.  NIAID 


U.  Kentucky  (S.  Turco). 


Laboratory  of  Parasitic  Diseases 


stcrcH 
Immunology  and  Cell  Biology 


.NSTTTUTe  ANO  UXAT)OS 

NIAID,  NIH.  Bethesda.  MP  20892 


'QTAl.  MAN-rEA»S 
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1.8 


0.0 


Z  (a)  Human  suDiects 
~    (al)  Minors 
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■3  (b)  Human  tissues  D  (c)  N«th«f 


SUMMAMV  or  WOAK  CUM  iiwomv  >«»«auoM  rypm.  Oo  nor  •>om0  tn*  ipao*  orwwa; 

The  differentiation  of  L.  major  promastigotes  from  a  non-infective  to  an  infective  or 
metacyclic  stage  is  accompanied  by  changes  in  surface  carbohydrates  which  can  be  detected  by 
the  lectin  peanut  agglutinin  (PNA).  On  non-infective,  loganthmic  phase  promastigotes,  PNA  binds 
to  the  surface  lipophosphoglycan  (LPG).  During  metacyciogenesis,  the  LPG  is  developmentally 
modified  such  that  it  no  longer  binds  PNA,  it  expresses  a  novel  carbohydrate  epitope,  and  it  is 
substantially  increased  in  size.  A  major  difference  between  the  two  forms  can  be  localized  to 
the  composition  of  the  tetrasaccharide  subunits  of  the  phosphorylated  carbohydrates. 

The  manner  in  which  this  stnjcturaJ  change  promotes  complement  resistance  and  intracellulaii 
survival  is  being  investigated.  The  major  acceptor  molecule  for  C3b  deposition  on  metacyclics  is 
the  LPG,  which  remain  resistant  to  lysis  because  the  membrane  attack  complex,  while  formed,  is 
released  from  the  surface.  Efficient  deposition  of  C3b  in  the  absence  of  lysis  promotes  uptake  of 
opsonized  promastigotes  by  macrophage  CRI  receptors. 
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Z01  A!  00257-07  LPD 


PEFIIOO  COVERED 

October  1 ,  1 987  to  September  30,  1 988 


TITLE  OF  PROJECT  (30  cfiancmn  or  (•«.  no»  muzt  tit  on  on»  iirm  oaCMsar  me  ooraarsi 

Immunology  of  Strorrgyloidiasis  


PRINCIPAL  INVESTIGATOR  (Uat  ottfr  protwaaiont  ptnonnv  o«Mw  ma  Pnnapal  Irmsngator  I  (Nam».  nva.  ittxyvory.  ina  mimuta  tffiliation) 

Pi:  F.A.  Neva  Chief  LPD,  NIAID 
Others:  P.J.  Brindley  Special  Volunteer  LPD,  NIAID 
E.  Pearce  Visiting  Associate  LPD,  NIAID 
W.T.  London  Chief,  Exptl.  Path.  Sect.  IRP,  NICDS 
S.  Greenberg  Medical  Staff  Fellow  MB,  NCI 
E.L  Murphy  Medical  Staff  Fellow  EPB,  NCI 
T.  Nash  Senior  Investigator  LPD,  NIAID 
E.  Ottesen Senior  Investigator LPD,  NIAID 


COOPERATING  UNITS  (It  any) 

Univ.  of  California  at  San  Francisco,  Dept.  Pathology  (J.  McKen-ow);  SEMA,  Inc.,  Rockville  (G. 
Phillips);  Merck,  Sharpe,  Dohme.  Rahway,  NJ  (K.  Brown). 


Uva/BRANCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

Cell  Biology  and  Immunology 


INSTTTUTE  ANO  LOCATION 

NIAID,  NIH.  Bethesda.  MD  20892 


TOTAL  MAN-YEARS; 

1.3 


PROFESSIONAL:  I  OTHER: 

0.8  I  0.5 


CHECK  APPROPRIATE  80X(ES) 

S.  (a)  Human  subjects  D  (b)  Human  tissues  D  (c)  Neither 

D  (al)  Minors 
D   (a2)  Interviews 


SUMMARY  OF  WORK  (Ua»  jfntiun  unrMueaa  typa.  Oo  mx  (jnMtf  trm  tpaem  pmnOuO.) 

This  project  involves  clinical  and  immunologic  studies  of  humans  infected  witl>  the  intestinal 
nematode,  Stronqyloides  stercoralis,  and  parallel  studies  in  an  experimental  host,  the  patas 
monkey.  Research  on  this  parasite  is  justified  because  human  infections  occur  in  substantial 
numbers  even  in  the  U.S.,  it  often  goes  undiagnosed  and  can  produce  fatal  outcome  in 
immunosuppressed  people,  and  it  is  a  parasite  with  unusual  biologic  properties. 

A  good  portion  of  the  somatic  and  E/S  antigens  obtained  from  infected  patas  monkeys  in 
the  past  year  is  being  stockpiled  for  a  new  batch  of  skin  test  antigen.  Antigenic  analysis  of 
infective  larvae  (L3)  has  focused  heavily  upon  identification  and  characterization  of  a  protease 
present  in  both  somatic  and  E/S  antigens.  It  is  a  metallo-protease,  with  functional  activity 
demonstrable  at  about  30,  60,  and  90  kO,  suggesting  a  trimeric  form.  The  protease  is  also 
allergenic  -  i.e.,  it  causes  histamine  release  from  IgE  sensitized  basophils  in-vitro.  Monoclonal 
antibodies  raised  to  somatic  larval  antigen  have  been  relatively  weak  in  identifying  antigens,  and 
IgE  Western  blots  are  faint  so  that  these  reagents  and  approaches  have  not  been  as  useful  as 
expected.  The  possibility  that  HTLV-1  infection  may  selectively  impair  immune  responses 
important  for  control  of  strongyloidiasis  in  some  patients  is  being  investigated. 
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Mecrianism  of  Senjm  Resistance  in  Bactena 


PI:  K.  Joiner  Senior  Investigator  LPD.  NIAID 

Others:        J.E.  Schweinle  IPA  LPD.  NIAID 


zocnM-rtta  -,nits  *  ••d 
Andrea  Tenner,  Amencan  Red  Cross 

Latocratory  of  Parasitic  Diseases                                                                                                      . 

SiC-CN 

Unit  of  Microbial  Pathogenesis 

(«3TnVr|  AMO  LOCATION                                                                                                                                                                                                                                                                      1 

NIAID,  NIH,  Bethesda.  MD  20892                                                                                                        1 

IZTAL  «AAN.»eAMS.                                              <»«0«5S«NA4_ 

0.2                            i     0.2 

OTW€H: 
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C  (a)  Human  suO|«cts            £  (b)  Human  tissues 
iZ   (al)  Minors 
_    (a2)  Interviews 

C  (c)  Ne«ttier 

Studies  were  completed  on  tMe  opsonic  and  bactericidal  activity  of  a  monocional  antibody 
directed  agajnst  the  outer  membrane  proteolipid.  H.8.  of  Neisseria  oonontioeae.  In  addition  to  its 
anti-gonococcal  and  opsonic  activity  described  in  earlier  reports,  it  was  found  to  ovemde  the 
regulatory  function  of  the  serum  glycoprotein  CI  inhibitor  and  to  allow  activation  of  Cl  with 
sequentiaJ  activation  of  the  classicaJ  complement  pathway.  Despite  earty  suggestions  that 
Neissena  gonorrhoeae  directly  activated  the  classical  complement  pathway,  meticulous  stijdies 
prohibiting  spontaneous  activation  of  CI  by  autocatalytic  mechanisms  proved  otherwise. 
Qualitative  measurement  of  state  of  activation  of  Cis  proved  tiiat  Neisseria  oonontioeae  does  not 
directly  activate  the  dassicaJ  complement  pathway  in  the  absence  of  antibody  whether  or  not  CI 
inhibitor  is  present  When  antibodies  are  included  in  the  assay,  activation  always  occurs. 
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October  1 ,  1 987  to  September  30,  1 988 


TITLE  OF  PROJECT  (30  ctwtcmn  or  maa.  fitla  must  M  on  onm  iin*  oeiwaan  rn»  oomrs.) 

Studies  on  Schistosomal  Hepatic  Fibrosis      


PRINCIPAL  INVESTIGATOR  (Ust  ointf  pnttaaiontt  p»nenml  otiew  ma  Pnnapal  Invaangator  j  iNama.  ma.  laooraiory.  ano  inaonita  tfhiiaaoni 

PI:  A.  W.  Cheever  Assistant  Chief  LPD,  NIAID 


Others: 


S.  Deb 
R.  H.  Duvall 
J.  Malley 
A.  Sher 
R.  Minker 
P.  Scott 


Bio.  Lab.  TecH. 
Bio.  Lab.  Tech.  (Micro.) 
Mathematical  Statistician 
Head,  Immunology  Section 

Senior  Staff  Fellow 


LPD,  NIAID 
LPD,  NIAID 
LSM.  DCRT 
LPD,  NIAID 
LSM,  DCRT 
LPD,  NIAID 


COOPERATING  UNITS  (It  any) 


Laboratoire  de  Pathologie  Cellulaire  du  Foie,  Institut  Pasteur,  Lyon  (Jean-Alexis  Grimaud). 
Division  of  Infectious  Diseases,  George  Washington  University  (CarmelitaTuazon,  Ann 
Labriola). 


LAeraRANCH 

Laboratroy  of  Parasitic  Diseases 


SECTION 

Host-Parasite  Relations  Section 


iNsrrnjTB  ano  location 
NIAID,  NIH,  Bethesda.  Maryland  20892 


total  MAN-YEARS: 
1.0 


PROfESSKSNAL: 
0.50 


0.50 


CHECK  appropriate  B0X<ES) 

D  (a)  Human  subjects 
n  (al)  Minors 
n   (a2)  Interviews 


D  (b)  Human  tissues  £]  (c)  Neither 


SUMMARY  OF  WORK  (Urn  ifanMrtf  mwbeaa  typm.  Oo  net  aacma  trw  jpao*  prevMMi; 

Hepatic  fibrosis  and  the  granulomatous  response  to  eggs  of  schistosome  species  pathogenic 
for  man  are  studied  in  mice  in  relation  to  parasitologic  parameters  of  infection.  Hepatic 
fibrosis  increases  in  the  first  weeks  after  treatment  of  S.  japonicum  infection  in  mice  and 
then  remains  stable  for  at  least  1  year  following  therapy.  During  this  period  histologic 
reactions  to  eggs  and  dead  worms  involute  and  the  areas  of  fibrosis  become  smaller  but  denser. 
Mice  vaccinated  with  paramyosin  and  BCG  showed  no  significant  difference  in  granuloma  size  or 
hepatic  fibrosis  compared  to  nonvaccinated  mice. 
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SIS  of  Parasites 

"mjt  m  v  »<•  -f>*  o»r»9»r  -n«  oonjun 

PI: 
Others: 

T.E.Nash                       Medical  Officer                                LPD,  NIAlD 

A.  Agganwal                   Visiting  Fellow                                 LPD,  NIAID 
R.  Adam                       Medical  Staff  Fellow                       LPD.  NIAID 
T.  McCutchan                Senior  Scientist                               LPD.  NIAID 
T.  Wellems                    Staff  Fellow                                     LPD.  NIAID 
V.  de  la  Cruz                 Staff  Fellow                                    LPD.  NIAID 

None 


LAa^BAANCH 

Laboratory  of  Parasitic  Diseases 


SEcncN 
Host-Parasite  Relations  Section 


iNSTTTV/Tf  ANO  LOCATION 

NIAID,  NIH,  Bethesda.  Maryland  20892 


'OTAC  OAM-vEAPS  P<»OfESS»ONAL.  !  OTMEB: 

2.2  1.7  i  0.5 


CHECX  A^»«»OP«iArE  OOXJIS) 

Z  (a)  Human  sutaiects  C  (b)  Human  tissues  O  (c)  Neither 


_   (ai)  Minors 
~    (a2)  Interviews 


SUWMAAV  Of  M}RK  lUm  taraara  .yvwucstf  rypft  Oo  nai  »icni»  cn«  loaca  ortKnaaa.) 

Giardia  surface  antigens  undergo  antigenic  variation.  To  detennine  the  relatedness  of  one 
vanant  to  another.  cDNA  libraries  of  two  related  variants  were  successfully  produced  and 
screened  with  surface  specific  Mab  or  previously  defined  DNA  probes.  Analysis  and  sequencing 
are  in  progress.  Pulse  field  gradient  analysis  of  Giardia  chromosomes  continue.  One  minor 
band  was  related  to  one  of  the  major  chromosomes.  Markers  were  derived  product  is  recognized 
by  all  infected  animals  and  humans.  SEquencing  of  this  gene  revealed  no  relationship  to  other 
proteins.  This  antigen  may  be  vaJuable  for  detecting  Giardia  specific  antibody  responses. 
Attempts  to  transform  Giardia  continue.  Constructs  were  made  using  a  Giardia  heat  shock 
promotor  and  the  iacZ  gene  and  used  to  transform  Giardia.  Giardia  were  transformed 
transiently. 
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PEBIOO  COVEHED 

October  1 ,  1 987  to  September  30.  1988 


TTTLE  OP  PROJECT  ISO  cnarmaan  or  nu.  Titim  mutt  tit  an  on*  iirm  OMwaan  mm  oonars.) 

Parasite  and  Host  Factors  Controlling  the  Pathogenesis  of  Leishmaniasis 


Pnil^lPAL  INVESTIGATOR  (List  airmr  protnaionm  ptneiml  OaWw  m*  Prmopai  Invmatigttor )  (Nam:  no*.  itDerttory.  tna  mnmn  tmiitoon) 

Expert  LPD.  NIAID 

Section  Head  LPD,  NIAID 

Chief  LPD.  NIAID 

Biologist  LPD,  NIAID 

Supvr.  Microbiologist  LPD.  NIAID 

Guest  Researcher  LPD,  NIAID 

Guest  Researcher  LPD.  NIAID 

Guest  Researcher  LPD,  NIAID 


PI: 

P. A.  Scott 

Others: 

A.  Sher 

F.A.  Neva 

P.Natovitz 

D.  Dwyer 

E.  Pearce 

S.  Heath 

M.  Knight 

COOPERATING  UNITS  (it  my) 

George  Washington  University.  Washington.  DC  (S.  James);  DNAX  Research  Institute,  Palo  Alto, 
CA  (R.  Coffman). 


LAa/BRANCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

Immunology  and  Cell  Biology  Section 


INSTTOITE  ANO  LOCATION 

NIAID.  NIH.  Bethesda.  Maryland  20892 


TOTAL  MAN-YEARS: 

2.5 


PRORSSIONAL: 

1.5 


1.0 


CHSCX  APPROPRUTE  aCX<ES) 

Q  (a)  Human  subjects  D  (b)  Human  tissu«s  S  (c)  Neittisr 

D  (al)  Minors 
G  (a2)  Interviews 


SUMMARY  OP  WORK  (Uat  smitaaM  mvoucatf  lypa  Oo  net  »wemo  mm  wwa  pratio&a.) 

A  vaccine  against  Leishmania  major  in  BALB/c  mice  using  a  soluble  fraction  of  the 
parasite  was  developed.  Further  fractionation  of  this  soluble  leishmanial  antigen  (SL^) 
yielded  both  protective  (fraction  9)  and  non-protective  (fraction  1 )  fractions  that  were 
capable  of  stimulating  T  ceils.  To  evaluate  the  nature  of  the  T  ceils  recognizing  fractions  1 
and  9,  as  well  as  to  define  protective  leishmanial  antigens,  T  call  lines  were  established 
against  both  antigen  preparations.  A  line  established  against  fraction  9  (Line  9)  was  found 
to  adoptively  transfer  protection,  while  a  line  recognizing  fraction  1  (Line  1 )  not  only 
failed  to  protect  mica,  but  exacerbated  the  infection.  We  found  that  in  addition  to  differing 
in  their  antigen  specificity,  these  T  cell  lines  could  be  distinguished  by  their  lymphokine 
profile.  Upon  stimuiation  Line  9  produced  IL-2  and  IFN-gamma,  while  Line  1  produced  IL-4  and 
IL-5.  This  pattern  corresponds  to  TH1  (Line  9)  and  TH2  (Line  1}  helper  T  ceil  subsets.  In 
onjer  to  determine  why  Line  1  exacerbated  leishmanial  infection,  we  have  tested  the  ability  of 
supematants  derived  from  these  cells  to  influence  parasite  growth  and  killing  within 
macrophages,  and  have  found  tinat  Line  1  supematants  contain  a  factor(s)  that  downregulates 
the  ability  of  macrophages  to  be  activated  by  IFN-gamma.  Studies  are  in  progress  to  define 
the  T  cell  products  responsible  for  this  effect  To  define  tiie  protective  antigens  within 
fraction  9,  we  established  a  T  cell  done  from  Line  9  and  by  using  T  cell  immunoblotting 
techniques  demonstrated  that  it  recognized  a  protein  of  approximate  m.w.  10,000.  We  have 
further  demonstrated  that  this  clone  adoptively  transfers  protection  equivalent  to  that 
obtained  with  Line  9.  Two  strategies  are  cun^ntly  being  employed  to  obtain  a  cDNA  done  of 
this  molecule.  The  first  is  production  of  monodonal  antibodies  and  the  second  is  isolation 
of  suffident  material  for  N-terminal  sequencing,  and  subsequent  development  of  an 
oligonucleotide  for  screening. 
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StuGies  on  the  interaction  Between  Complement  and  Parasites 


P«i>»C:'*L   Nv6S'!"G>TCP   un  3<n»r  arowtxyi  aartonfm  3««ow  J»«  •^'"COI   "xtnjiftv      v«/t>«    rp»    «o<y»nyv    •/»<J  "ifftv/w  «r>^«oon) 


PI: 

K.  Joiner 

Others: 

S.  Puentes 

M.T.  Rimoldi 

S.  Fuhrman 

C.  Hammer 

D.  Sacks 

Senior  Investigator 

Medical  Staff  Fellow 
Fogarty  Fellow 
Medical  StaH  Fellow 
Senior  Staff  Fellow 
Senior  Staff  Fellow 


LPD.  NiAID 

LPD,  NIAID 
LPD.  NIAID 
LPD.  NIAID 
LPD.  NIAID 
LPD,  NIAID 


:OCP€««*T  Mj  jNiTS  /  try) 


none 


u»a^8>UNCM 
Laboratory  of  Parasitic  Diseases 


SECnCN 

Unit  of  Microbial  Pathogenesis 


'KSTTTTjTE  ANO  LOCATION 

NIAID,  NIH.  Bethesda.  MD  20892 


TOTAL  MAN.VCAPS 

1.3 


(H^OFESSIONAL 
1.3 


0.0 


I  CHECK  APflOCPOiATE  BOXItSI 

I  CZ  (a)  Human  sut3)ect3 
I        _   (ai)  Minors 
Z   (a2)  Interviews 


G  (b)  Human  tissues 


S   (c)  Neither 


SUWMAAV  o#  MORK  fUM  narvMrQ  .^nouoM  rypa.  ,3o  nor  »«c««i>  irw  loao*  i3rov«>»a; 

Experiments  were  completed  examining  the  interaction  of  complement  with  Trypanosoma 
cnjzi.  Leishmania  maior,  and  Toxoplasma  gondii. 

Final  punfication  and  charactenzation  of  the  03  convertase  inhibitor  produced  by 
trypomastigoles  of  T.  cnjzi  was  completed.  The  molecule  is  an  87-93kd  glycoprotein.  P.I.  5.6- 
5.8.  expressed  in  infective  trypomastigote  but  not  non-infectious  epimastigote  forms. 
Functionally,  the  trypomastigote  molecule  is  identical  to  human  decay  accelerating  factor:  it 
prevents  formation  and  accelerates  decay  of  the  classical  and  alternative  pathway  03 
convertases.  There  is  a  correlation  between  the  lytic  activity  of  Ohagasic  serum  and  the 
capacity  of  antibodies  in  the  serum  to  recognize  the  03  convertase  inhibitor  by 
immunoprecipitation  and  to  block  the  functional  activity  of  the  inhibitor. 

The  mechanism  of  resistance  to  serum  killing  for  metacyclic  promastigotes  of  Leishmania 
maior  was  further  clanfied.  Both  serum  sensitive  log  phase  promastigotes  and  serum-resistant 
metacyclic  promastigotes  activate  complement  efficiently,  and  a  05b-9  complex  is  formed  on  the 
parasite  membrane.  With  metacyclic  promastigotes.  the  05b-9  complex  is  shed  and  is  not  lytic 
because  it  fails  to  insert  into  hydrophobic  domains  of  the  Leishmania  membrane. 

Tachyzoites  of  Toxoplasma  gondii  are  resistant  to  serum  killing  because  limited  03  and 
C5b-9  are  deposited  dunng  incubation  in  senjm.  Bound  03b  is  rapidly  cleaved  to  the  lytically 
inactive  i03b  form,  Oomplement  deposition  is  increased  and  the  site  of  deposition  is  altered 
by  lytic  monoclonal  antibodies  for  tachyzoites. 
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October  1,  1987  to  September  30.  1988 


TITLE  OF  PROJECT  (80  cntnatrs  or  lata.  Titl»  must  fit  on  ana  una  oarwaan  ffts  ooraarz) 

Clinical  and  Therapeutic  Studies  in  Human  Filariasis 


PRINCIPAL  INVESTIGATOR  (Ust  offwr  pntaaannal  pamnnat  batow  ma  Principal  Invamgator )  (Nama.  ma.  laOoraiorY.  arm  mstmjta  alfiliauoni 

PI:  E.A.  Ottesen  Senior  Investigator  LPD.  NIAID 

Others:        T.B.  Nutman  Medical  Officer  LPD.  NIAID 

D.O.  Freedman  Medical  Staff  Fellow  LPD.  NIAID 

T.E.  Nash  Senior  Investigator  LPD,  NIAID 

R.  Davey  Medical  Staff  Fellow  LPD,  NIAID 


COOPERATING  UNITS  (H  any)  \ 

PB,  NHLBI,  NIH  (R.G.  Crystal);  Tuberculosis  Research  Centre,  Madras.  India;  (R.  Prabhal<ar  and  V 
Kumaraswami);  Madras  Medical  College,  Madras,  India  (V.  Vijayasei^aran);  Peace  Corps  Medical  i 
Office  (M.  Mulligan). 


LAa/aflANCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

Host  Parasite  Relations 


INSTTTUTE  ANO  LOCATION 

NIAID.  NIH.  Bethesda.  Maryland  20892 


TOTAL  MAN>YEARS: 

0.6 


PRCFE5SK3NAL; 
0.5 


0.1 


CHECX  APPROPRIATH  SOX(E5) 

EI  (a)  Human  subjects  □  (b)  Human  tissues  D  (c)  Neither 

D  (al)  Minors 
D  (a2)  Interviews 


SUMMARY  OF  WORK  (U»  atantaio  unraOucaa  typt.  Oe  not  a*ema  tltm  worn  pronoaO.) 

Ivermectin  has  been  shown  in  an  open,  in-hospital  trial  in  South  India  to  be  effective  in 
clearing  microfilaremia  in  patients  with  bancroftian  filariasis  at  dosages  as  low  as  25-mcg/kg 
given  once  orally.  A  second,  blinded,  placebo-controlled  trial  of  ivermectin  and  the  currently 
used  drug,  diethylcarbamazine  (DEC),  has  indicated  that  the  efficacy  of  ivermectin  and  DEC  were 
equivalent  for  3  months,  but  by  6  months  the  -30%  microfilaria!  recurrence  rate  of  the 
ivermectin-treated  patients  was  significantly  greater  than  the  '•15%  rate  of  the  DEC  group.  Side 
effects  were  qualitatively  and  quantitatively  identical  for  both  groups.  Thus,  though  ivermectin 
appeared  somewhat  less  effective  than  DEC  at  6  months,  its  single-oral-dose  mode  of 
administration  with  toxicity  no  greater  than  that  of  DEC  means  that  this  drug  should  engender 
greater  patient  compliance  and,  therefore,  be  much  more  effective  in  mass-treatment,  filariasis 
control  programs  than  DEC. 

Observations  on  200  Peace  Corps  volunteers  going  to  Loa  loa  endemic  areas  of  Africa  have 
concluded  after  three  years  of  a  placebo-controlled  chemoprophylaxis  trial  using  weekly  doses  of 
DEC.  In  Gabon  (where  exposure  to  the  parasite  was  heaviest)  30%  of  individuals  in  the  placebo 
group  developed  overt  clinical  disease  compared  to  none  in  the  DEC-treated  group  (p<.02)  and 
50%  became  seropositive  in  the  placebo  group  vs.  13%  in  the  DEC  group  (p<.02).  No  significant 
sidi9  effects  were  seen.  These  findings  indicate  that  DEC  given  orally  once-weekly  can  be  an 
effective,  acceptable  chemoprophylactic  for  preventing  loiasis. 
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Fogarty  Fellow  LPD,  NIAID 

Research  Fellow  LPD,  NIAID 

Medical  Staff  Fellow  LPD.  NIAID 

Senior  Investigator  LPD,  NIAID 

Visiting  Fellow  LPD.  NIAID 


Others: 

LJ.  Panton 

D.  Peterson 

S.  Dolan 

R.  Gwadz 
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Virgilio  E.  do  Rosano  Biomedical  Research  Institute 
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Maiana  Section 
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'OTAt  UAN-rCAPS  P»»O^SSICHAJ_  ,  QTVieW: 

4.0  3.5  J 0.5 


CxeCX  AP»«»OP«urE  SOXIESl 

lI  (a)  Human  suD|«ct3  C  (b)  Human  tissues  3  (c)  Neither 

Z    (al)  Minors 
Zl    (a2)  Interviews 


SUMMARY  GP  <vOPK  lUa*  tanoaro  i«v«duc*a  rye*.  Do  nor  ucaao  irw  «ao«  pnxnama.) 

Our  investigations  concern  the  resistance  of  Plasmodium  falciparum  to  several  common 
antimaianal  drugs:  the  dihydrofolate  reductase  inhibitor  pyrimethamine,  and  the  quinoline  ring 
denvatives  chloroquine.  quinine,  quinidine  and  mefloquine.  We  are  using  crosses  of  cloned 
parasite  lines  to  identify  the  genes  that  affect  susceptibility  to  these  drugs.  Point  mutations  in 
the  gene  encoding  dihydrofolate  reductase-thymidylate  synthase  have  been  found  to  confer 
pynmethamine  resistance  in  maiana.  Chloroquine  resistance  has  been  found  to  be  governed  by  a 
single  gene  in  linkage  studies.  RFLP  analysis  is  being  used  to  pinpoint  the  location  of  this  gene. 

A  similar  approach  is  being  used  to  identify  genes  affecting  erythrocyte-stage  proliferation. 
In  a  cross  between  two  clones  the  faster  proliferation  rate  of  one  parent  predominated  in 
progeny  recovered  after  cross  fertilization  and  infection  of  chimpanzees.  Linkage  group  analysis 
suggests  an  association  between  a  genetic  locus  neaw  a  telomere  of  chromosome  13  and  the  rapid 
proliferation  rate.  Investigations  are  now  planned  to  map  the  genes  involved  and  examine  for 
relationship  to  sialic  aad  and  erythrocyte-binding  proteins  thought  to  modulate  erythrocyte 
invasion  by  P.  falciparum. 
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Studies  on  the  Quantitative  Parasitology  of  Schistosome  Infections 


PPINCIPAL  INVESTIGATOR  (List  otfmr  pmtttsiont  ptnonnti  o««w  mt  Pnnaot  Invaangmtor )  (Ntma.  aaa.  iioontarf.  ana  msmutt  tmitnoni 
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COOPERATING  UNITS  (H  tny) 

None 


lAB/aRANCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

Host-Parasite  Relations  Section 


INSTITUTE  ANO  LOCATION 

NIAID.  NIH.  Bethesda.  Maryland  20892 


TOTAl.  MAN-YEARS: 
1.0 


PROfESSKSNAU 
0.5 


0.5 


CHECK  APPROPRIATE  aOX<ES) 

D  (a)  Human  subjects  D  (b)  Human  tissues  d  (c)  Neither 

D  (al)  Minors 
D  (a2)  Interviews 


SUMMARY  OF  WORK  (Um  snMaM  um^ueta  (ypa.  Oe  not  »*cma  tfw  loaea  prenowL^ 

Eggs  in  the  tissues  of  S^  iaponicum  infected  mice  persisted  in  unchanged  numbers  in  the 
tissues  for  at  least  1  year  after  chemotherapeutic  cure  of  infections  of  8  weeks  duration.  Worm 
burdens  decreased  with  time  in  S^  mansoni  infected  mice  between  the  8th  and  20th  week  of 
infection.  No  dead  worms  were  found  in  the  liver  and  the  decrease  in  worm  burden  was  caused 
by  death  of  more  heavily  infected  mice  and  shunting  of  worms  from  the  portal  system  to  the 
pulmonary  arterial  circulation. 


PHS  60«0  (Rw.  1/84)  S^Oti«-«t« 

14-39 


OEPAWTMCNT  OF  mEALTM  AND  HUMAN  SEBVICES  •  PUBUC  mEALTM  SEBVICE 

NOTICE  OP  INTRAMURAL  RESEARCH  PROJECT 

ZQ1  Al  00494-02  '-PP 


Analysis  of  T  Ceil  Resscnses  :n  H'.irr.qn  Lg:sr.man!as;s 
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CHCCX  *^»«»0*«»UkTl  90X/ES) 

D  (a)  Human  subjects  D  (b)  Human  tissues  Q  (c)  Neither 

C   (al)  Minors 
!Z   (a2)  Interviews 


SUMMARY  Of  HOMi.  lUm  lana^a  i^vmOucM  rypa.  Os  not  iiciii*  rm  aoao  prwwii; 

Control  and  resolution  of  leishmanial  infection  depends  primarily  on  T  cell  mediated 
immune  mechanisms.  The  nature  of  the  leishmanial  antigens  involved  in  eliciting  T  cell 
immunity  has  been  studied  by  the  recently  developed  method  of  cellular  immunoblotting. 
In  the  past  year,  we  have  modified  this  method  to  include  the  analysis  of  human  T  cell 
responses  to  mtrocellulose-bound  antigens  highly  resolved  by  two-dimensional 
electrophoresis.  The  proliferative  responses  of  cells  from  patients  with  mucosal,  and 
cutaneous  leishmaniasis  were  remarkably  heterogeneous  and  occurred  to  as  many  as  50-70 
distinct  antigens,  many  of  which  were  associated  with  y-iriterferon  production.  The 
method  has  also  been  used  to  identify  specific  2-D  resolved  antigens  which  stimulate  T 
cell  clones  derived  from  patients  with  acquired  resistance  to  leishmaniasis.  We  are  now 
attempting  to  obtain  sequences  off  of  these  immobilon  blotted  proteins  in  order  to 
construct  oligonucleotide  probes  so  that  genes  containing  these  T  cell  epitopes  might  be 
cloned.  Recently,  intralesionai  T  lymphocyte  lines  and  clones  have  been  produced  and 
their  antigen  specificity  will  be  profiled  and  compared  with  that  displayed  by  peripheral 
cells  from  the  same  patient. 

Finally,  studies  are  soon  to  be  initiated  using  cDNA  probes  for  cytokine  mRNA 
expressed  by  activated  lymphocytes  from  patients  with  mucosal  and  cutaneous  leishmaniasis 
were  remarkably  heterogeneous  and  occurred  to  as  many  as  50-70  distinct  antigens,  many 
of  which  were  associated  with  f-interferon  oroouction.  Tne  method  has  also  been  used 
to  identify  specific  2-D  resolved  antigens  which  stimulate  T  cell  clones  denved  from 

'   patients  with  acquired  resistance  to  leishmaniasis.  We  are  now  attempting  to  obtain 

;   sequences  off  of  these  immobilon  blotted  proteins  in  order  to  construct  oligonucleotide 
probes  so  that  genes  containing  these  T  cell  epitopes  might  be  clones.   Recently. 

I   intralesionai  T  lymphocyte  lines  and  clones  have  been  produced  and  their  antigen 
specificity  will  be  profiled  and  compared  with  that  displayed  by  peripheral  cells  from  the 

I   same  patient. 
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Molecular  Definition  of  Filarial  Antigens 


PRINCIPAL  INVESTIGATOR  (Uat  oOyr  pnttaannm  ptnonnt  ottow  m*  Pmapti  Imasogator  j  (Nam:  mm.  itaxaiory,  tM  msntun  tttiiitoon) 

Pi:  T.B.  Nutman  Senior  Investigator  LPD,  NIAID 

Others:        N.  Ragfiavan  Visiting  Scientist  LPD,  NIAID 

K.F.  Colina  Howard  Hughes  Research  Scholar        LPD,  NIAID 

E.A.  Ottesen  Senior  Investigator  LPD.  NIAID 


COOPERATINQ  UNITS  (H  my) 


New  England  Biolabs,  Beveriy,  Mass  (F.  Perier,  P.  Arasu,  L.  McReynolds,  C.  Maina),  Albert 
Einstein  Coll.  Med.,  Bronx,  N.Y.  (T.V.  Rajan) 


LAS/BRANCH 

Laboratory  of  Parasitic  Diseases 


SECTION 

Clinical  Parasitology  Section 


INSTrnjTE  ANO  LOCATION 

NIAID,  NIH.  Bethesda.  Maryland  20892 


TOTAL  MAN. YEARS: 

2.0 


PROFE5SK3NAL; 

2.0 
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CHECK  APPROPRIATE  aOX(ES) 

B  (a)  Human  subjects 
D  (al)  Minors 
G  (a2)  Interviews 


Q  (b)  Human  tissues  Q  (c)  Neither 


SUMMARY  OF  WORK  (Ua»  amtoiti  unmOuoM  lyp*.  Oo  not  awemO  9m  jpi 

In  the  study  of  the  human  fiiariases,  progress  has  been  hampered  by:  1 )  the  lack  of 
defined  parasite  antigens;  2)  the  broad  immunological  cross-reactivity  seen  among  the  eight 
filarial  species  of  humans;  and  3)  the  dearth  of  abundant  parasite  material.  The  objectives 
of  this  project  are  to  define  and  generate  filarial  proteins  that  are  important  in  inducing 
parasite-specific  immune  responses  in  the  human  host  and  to  understand,  at  a  molecular  level, 
the  differences  among  related  filarial  species. 

cDNA  and  genomic  libraries  have  been  either  constructed  (Bnjqia  malavi  and  Wuchereria 
bancrofti)  or  made  available  (Onchocerca  volvulus)  so  that  screening  with  defined  patient  sera 
or  patient  T  cells  could  be  performed.  Recombinant  antigens  and  probes  have  been  identified 
that:  a)  induce  T  cell  responses  in  an  antigen-specific  manner;  b)  may  be  in  part  protective 
in  onchocerciasis;  c)  can  distinguish  among  related  filarial  species  by  restriction  fragment 
length  polymorphisms;  d)  encode  for  an  immunodominant  molecule  in  W.  bancrofti:  and  e) 
identify  a  tandemly  repeated  segment  of  the  W.  bancrofti  genome. 
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The  major  ligand-receptor  systems  involved  in  uptake  of  the  intracellular  pathogens 
Tn/panosoma  cnjzi.  Salmonella  tvphimunum.  and  Toxoplasma  gondii  by  phagocytic  cells  were 
examined.  For  T.  cruzi.  incubation  of  infective  trypomastigotes  in  normal  human  semm  does  not 
lead  to  parasite  lysis  but  markedly  enhances  entry  into  macrophages  and  monocytes.  This 
enhancement  is  due  to  deposition  of  complement  component  Clq  on  the  parasite,  and  the 
additional  interaction  of  Clq  with  fibronectin  bound  to  the  parasite.  C3  fragments  play  no  role 
in  enhancing  internalization.  Trypomastigotes  are  thus  targeted  to  cells  beanng  large  numbers  of 
fibronectin  and  Clq  receptors,  of  which  fibroblasts  and  epithelial  cells  are  the  prototype. 

Salmonella  tvphimunum.  and  other  Salmonella  species  attach  to  and  enter  phagocytic  cells 
via  receptors  for  C3  fragments.    Mannose  binding  protein,  an  acute  phase  reactant  in  semm 
which  binds  to  mannose  on  selected  microbial  surfaces,  is  a  direct  opsonin  for  Salmonella 
containing  mannose  in  the  lipopolysacchande.  Mannose  binding  protein  also  enhances  complement 
activation  on  the  surface  of  mannose  beanng  strains. 

Toxoplasma  gondii  attachment  and  entry  into  macrophages  is  augmented  by  fibronectin. 
Furthermore,  fibronectin  binds  in  specific  fashion  to  the  parasite.  A  surface  iodinatable  16-I8kd 
molecule  on  the  tachyzoile.  shown  to  be  anchored  to  the  parasite  cytoskelton,  has  been  punfied 
to  homogeneity.  This  role  of  this  molecule  in  binding  fibronectin  and  in  cell  entry  is  under 
investigation. 
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Our  laboratory  is  interested  in  the  consequences  of  particular  ligand-receptor  interactions 
which  mediate  cell  entry  on  the  ultimate  intracellular  compartmentalization  and  fate  of  obligate 
intracellular  microorganisms. 

Methods  were  developed  to  purify  and  characterize  phagosomes  from  human  neutrophils 
ingesting  Salmonella  tvphimurium.  Taking  advantage  of  the  fact  that  neutrophil  will 
endogenously  iodinate  particles  which  are  phagocytosed  in  ttie  presence  of  ^^!  Na,  we 
characterized  iodinated  constituents  in  purified  phagosomes  containing  Salmonella  tvphimurium. 
Bacterial  constituents,  humoral  ligands.  and  cell  surface  receptors  for  03  fragments  and  for  IgG 
were  iodinated  and  incorporated  into  the  phagosomes  reganjiess  of  whether  the  ligand  on 
Salmonella  was  03  or  IgG.  Of  particular  interest,  lactofenin,  a  marker  for  neutrophil  secondary 
granules,  was  iodinated  and  incorporated  within  phagosomes  containing  IgG-coated  S.  tvphimuriurr 
but  not  03  coated  S.  tvphimurium. 

Efforts  have  also  been  initiated  to  purify  arid  characterize  phagosomes  from  murine 
macrophages  ingesting  yeast  or  various  life  cycle  stages  of  Trypanosoma  cruzi.  Murine 
macrophages  provide  a  distinct  advantage  for  many  of  these  studies  since  a  number  of  variants 
and  alternative  ceil  lines  exist  which  have  well  characterized  properties.  For  example, 
phagolysosomes  are  rapidly  formed  in  the  J774  cell  line,  as  assessed  by  incorporation  of  lysosomal 
enzyme  mari<ers,  whereas  these  markers  are  missing  in  compartments  purified  from  P388D1  cells, 
lacking  the  mannose-6-phosphate  receptor  responsible  for  targeting  lysosomal  enzymes.  Using 
yeast  coated  with  eosinophil  peroxidase,  we  hirve  shown  that  plasma  membraneTreceptors,  and  in 
particular  CR3,  form  part  of  the  phagosome  membrane.  Initial  experiments  with  T.  cnjzi 
intemalization  by  J774  cells  indicate  that  CR3  is  prominently  iodinated  when  eosinophil 
peroxidase-coated  epimastigotes  are  intemalized. 
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Studies  concerning  the  molecular  mechanisms  controlling  gene  expression  in  Tp,^panosoma 
cnjzi  were  initiated.  We  attempted,  in  our  approach,  to  identify  T.  cruzi  genes  which  might 
share  DNA  homology  with  known  transcnptional  activators  in  yeast  (e.g.,  GCN4)  and  mammalian 
cells  (e.g.,  c-fo§  and  c-myc).  We  found  that  T.  coizi  DNA,  in  dot-blot  hybridization  experiments, 
hybndizes  under  stnngent  conditions  with  the  c-fos-  and  GCN4-specific  probes,  but  not  with  a 
probe  specific  for  c-myc.  Further  analysis  by  Southern  hybridization  revealed  that  the  c-fos- 
specific  probe  hybndizes  to  a  single  8.1  kb  band  in  EcoRI-  digested  T.  cruzi  DNA.  The  cloning 
and  sequencing  of  this  8.1  kb  DNA  fragment  should  allow  the  identification  of  any  c-fos-related 
genes  contauned  within  it.  Moreover,  if  this  putative  fos-related  gene  proves  to  be 
developmentally  regulated,  the  DNA  sequence  data  may  help  to  identify  regions  involved  in 
controlling  its  expression. 
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RESEARCH  OBJECTIVES 


The  Laboratory  of  Viral  Diseases  carries  out  investigations  on  the  molecular 
biology  of  viruses,  the  interactions  of  viruses  with  host  cells,  the  pathogenesis  of  viral 
diseases,  and  host  defense  mechanisms  that  are  designed  to  increase  fundamental 
knowledge  and  facilitate  the  development  of  new  approaches  to  the  prevention  and 
treatment  of  virus  infections.  Current  topics  of  basic  research  include:  regulation  of  gene 
expression,  mechanisms  of  DNA  replication,  assembly  and  transport  of  virus  particles, 
virus  growth  factors,  determinants  of  virus  virulence,  host  resistance  genes,  and  viral 
targets  of  humoral  and  cell  mediated  immunity.  More  applied  areas  of  investigation 
include  the  development  of  recombinant  expression  vectors,  candidate  vaccines,  and 
antiviral  agents.  These  studies  involve  a  wide  range  of  viruses  including  human 
immunodeficiency  virus. 

REGULATION  OF  VIRUS  GENE  EXPRESSION 

DNA  viruses  provide  model  systems  for  studying  basic  aspects  of  gene  expression 
and  can  be  used  as  expression  vectors  for  a  variety  of  purposes.  Several  different  virus 
systems  are  currently  under  investigation  by  members  of  LVD. 

POXVIRUSES 

Poxviruses  are  large  DNA  viruses  that  replicate  in  the  cytoplasm  of  infected  cells. 
In  order  to  express  and  replicate  their  genomes  outside  of  the  nucleus,  poxviruses  must 
encode  enzymes  for  these  processes.  This  feature  makes  poxviruses,  among  which 
vaccinia  virus  is  the  prototype,  unique  for  studying  the  regulation  of  transcription. 
Additional  information  regarding  transcription  is  also  needed  to  improve  vaccinia  virus 
expression  vectors  which  are  currently  being  tested  as  candidate  live  vaccines  against 
several  diseases  including  AIDS.  EXinng  the  past  year  progress  has  been  made  m 
determining  the  signals  used  for  irutiation  and  termination  of  transcription  of  early  and 
late  vaccinia  virus  genes  and  the  enzymes  and  factors  needed  to  carry  out  these  steps. 

Purification  and  characterization  of  a  factor  required  for  transcription  of  vaccinia 
virus  early  genes.  The  inability  of  highly  purified  vaccinia  virus  RNA  polymerase  to 
transcribe  vaccinia  virus  genes  led  to  our  discovery  of  a  specific  transcription  factor.  A 
complementation  assay  was  developed  to  quantitate  the  recovery  of  the  factor  during 
purification.  An  observation  that  the  factor  binds  specfically  to  early  vaccinia  virus 
promoters  was  exploited  in  the  final  affinity  chromatography  step.  The  purified  protein, 
which  we  have  named  VETF,  has  a  molecular  weight  of  approximately  150,000  and 
contains  two  polypeptides  of  77,000  and  82,000.  The  purified  factor  stimulates 
trar\scription  from  all  early  promoters  tested,  binds  specifically  to  early  promoters,  and 
exhibits  a  DNA-dependent  ATPase  activity.  The  latter  may  explain  the  previously 
described  requirement  for  ATP  hydrolysis  in  transcription.  We  suspect  that  VETF  is  the 
functional  equivalent  of  the  eukaryotic  TATA  binding  factor  which  has  not  yet  been 
purified.  (Broyles,  Shuman  and  Moss) 
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Factor-dependent  transcription  termination  bv  vnccinia  RNA  polymernse.  The 
mechanism  used  tor  termination  ot  mR\'A  in  eukaryotic  cells  is  not  yet  known. 
Transcription  termination  by  vaconia  RNA  polymerase  is  dependent  on  a  trans-acting 
factor  that  we  have  named  VTF  and  which  is  associated  witn  the  vaccinia  capping 
enzyme.  VTF  induces  termination  approximately  50  nucleotides  downstream  ot  a  signal 
sequence  TTTTTNT  in  the  template  strand.  Since  the  signal  is  transcribed,  we  carried 
out  experiments  to  determine  tne  role  of  the  nascent  RNA  in  termination.  We  found 
that  halogenated  analogs  of  LTP  specifically  abrogated  factor-dependent  termination 
without  affecting  the  synthesis  of  read-through  transcripts.  These  results  indicate  that 
the  cis-acting  termination  signal  is  recognized  in  the  nascent  RNA  rather  than  the 
template  DNA. 
(Shuman  and  Moss). 

Late  vaccinia  virus  mRNA  has  capped  polv(A)  leaders  of  variable  length.  Several 
research  groups  have  recently  obtained  evidence  for  a  novel  poly(A)  structure  at  the  5' 
ends  of  vaccinia  virus  late  n\RNAs.  We  have  demonstrated  capped  poly(A)  leaders  of 
variable  length  located  immediately  upstream  of  the  translation  initiation  codon  by 
direct  analysis  of  a  major  late  RNA  species.  A  "decapping-recapping"  protocol  was  used 
to  specdficaUv  substitute  a  radioactively  labeled  phosphate  for  an  unlabeled  one  within 
the  cap  structure.  Sequences  of  the  type  m'G(5')pppAmp(Ap)nUpG-  where  \'  varies 
from  a  few  to  more  tnan  40  nucleotides  was  deduced  by  analysis  of  the  length  and 
sequence  of  RNase  H,  Tl  and  U2  digestion  products.  The  function  of  the  poly(A)  leader 
is  not  yet  known. (Ahn  and  Moss) 

In  vitro  synthesis  of  vaccinia  virus  mRNA  containing  a  5'  poly(A)  leader.  In  order 
to  understand  the  mechanism  of  expression  of  vaccinia  virus  late  mRNAs,  an  in  vitro 
transcription  system  was  developed  from  virus  infected  HeLa  cells.  Extracts  made  at  6 
or  more  hours  after  vaccinia  virus  infection  were  able  to  transcribe  duplex  DN'A 
templates  containing  a  vaccinia  virus  late  gene.  Mutations  in  the  conserved  TAAAT 
sequence  led  to  inactivation  of  the  late  promoter.  Analysis  of  the  transcripts  revealed 
that  the  poly(A)  leader  was  synthesized.  A  cis-splicing' mechanism  of  poly(A)  addition 
was  ruled  out.  Three  models  of  poly(A)  leader  formation  are  currently  being  tested: 
RNA  polymerase  initiates  synthesis  with  a  run  of  adenylate  residues;  a  poly(A)  primer 
is  used  for  intitiation;  the  poly(A)  leader  is  attached  by  trans-ligation.  (Wright  and 
Moss) 

Characterization  of  the  specificity  of  vaccinia  virus  polv(A)  polymerase  for 
nucleotides  and  nucleotide  analogs.  Eukaryotic  and  viral  mRNAs  generally  have  a  3' 
poly(A)  tail.  The  enzyme  responsible  for  tKis  addition  to  early  vaccinia  virus  mRNAs 
was  previously  purified  from  virus  particles.    The  selectivity  of  this  enzyme  for  ATP 
was  analyzed.'  We  found  that  UTP,  (3TP,  or  CTP  could  be  utilized  although  at  much 
lower  rates  than  ATP.  In  the  presence  of  ATP,  however,  incorporation  of  other 
nucleotides  was  not  detected.  Kinetic  analysis  of  p)oly(A)  synthesis  indicated  that  it  is  a 
biphasic  reaction.  (Shuman  and  Moss) 

Identification  of  a  vaconia  virus  gene  encoding  a  type  I  DNA  topoisomerase  and 
expression  in  Eschenchm  colt.  Type  I  DNA  topoisornerases  are  found  in  both  prokaryotic 
and  eukaryotic  organisms.  A  topoisomerase  with  a  molecular  weight  of  32,000  present 
in  vaccinia  virus  particles  was  purified  to  homogeneity  and  the  NH2-terminal  sequence 
was  determined.  This  sequence  matched  an  open-reading-frame  present  in  the  vaccinia 
virus  genome  proving  that  the  protein  is  virus-encoded.  The  gene  was  expressed  in  an 
£.  coli  vector  and  large  amounts  of  active  topoisomerase  I  was  obtained.  Unlike  cellular 
topoismerase  I,  the  viral  enzyme  is  resistant  to  camptothedn.    (Shuman  and  Moss) 
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PARVOVIRUSES 

Adeno-associated  virus  (AAV),  a  defective  member  of  the  parvovirus  family,  is 
dependent  on  co-infection  with  a  member  of  the  adenovirus  or  herpesvirus  family. 
AAV  gene  expression  appears  to  be  dependent  on  interactions  involving  cellular  and 
helper  virus  products. 

Regulation  of  expression  of  AAV  structural  proteins.  AAV  virions  contain  three 
structural  proteins.  A,  B,  and  C.  Continued  studies  during  the  past  year  support  a 
mechanism  in  which  the  use  of  a  novel  translation  initiation  codon,  ACG,  is  used  to 
express  the  B  protein  and  alternative  splicing  is  required  for  expression  of  the  A 
protein.  (Muralidhar,  Koczot,  Fabish,  Rose) 

Regulation  of  expression  of  AAV  non-structural  proteins.  At  least  six  non-structural 
proteins"  have  been  identified  by  in  vitro  translation  of  AAV  transcripts  and /or  Western 
Dlotting  of  infected  cell  lysates  using  antibodies  produced  against  synthetic  peptides. 
Current  studies  indicate  that  the  unspliced  p5  and  pl9  transcripts  express  the  70  and  50 
kDa  non-structviral  proteins  and  that  spliced  p5  ana  pl9  transcripts  generate  the  60  and 
42  kDa  non-structural  proteins.  Based  on  reactivity  with  antisera  to  amino-terminal 
peptides,  it  can  be  concluded  that  the  70,  50,  and  42  kDa  proteins  are  intitiated  from 
the  first  AUG  of  their  respective  mRNAs.  (Sebring,  Wong,  Muralidhar,  and  Rose). 

VIRUS  DNA  REPLICATION 

Viruses  provide  useful  systems  for  analyzing  the  diversity  of  mechanisms 
employed  in  DNA  replication.  In  addition,  tne  virus  encoded  factors  provide  potential 
targets  for  chemotherapy. 

REPLICATION  OF  VACCINIA  VIRUS  DNA 

Poxviruses  provide  a  unique  experimental  system  for  studying  DNA  replication 
since  required  enzymes  and  factors  are  encoded  with  the  virus  genome  and  replication 
occurs  in  the  cytoplasm. 

Resolution  of  vaccinia  virus  concatemer  junctions.  Previous  studies  have  indicated 
that  large  DNA  concatemers  form  during  the  replication  of  vaccinia  virus  DNA.  The 
concatemer  junction  was  cloned  in  an  £.  coli  plasmid  and  a  transfection  assay  for 
resolution  or  the  junction  in  vaccinia  virus  infected  cells  was  developed.    The 
introduction  of  a  series  of  symmetrical  insertions,  deletions,  and  nucleotide  substitutions 
into  the  DNA  revealed  that  both  a  palindromic  structure  and  specific  20  nucleotide 
sequence  are  required  for  resolution.  A  model  for  resolution  involving  site-specific 
recombination  and  oriented  branch  migration  is  consistent  with  the  data.  (Merchlinsky 
and  Moss) 

A  late  vaccinia  virus  protein  is  required  for  resolution  of  concatemer  junctions.  As 
a  first  step  in  determining  the  protein  factors  reauired  for  resolution  of  vaccinia  virus 
DNA  concatemers,  a  series  of  conditionally  lethal  temperature  sensitive  vaccinia  virus 
mutants  were  screened.  Three  phenotypes  were  observed:  mutants  that  are  DNA 
replication  negative;  mutants  that  replicate  DNA  and  process  the  concatemer  junction  in 
a  normal  manner;  and  mutants  that  replicate  DNA  but  fail  to  process  the  concatemer 
junction.  The  latter  group  were  all  defective  in  late  protein  synthesis  indicating  that  a 
late  viral  function  is  required  for  resolution.  (Merchunsky  and  Moss) 

Intramolecular  homologous  recombination  in  vaccinia  virus  infected  cells. 
Intramolecular  homologous  recombination  was  analyzed  by  transfecting  plasmids  into 
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vaccinia  virus  infected  cells.  Recombination  was  monitored  m  cells  infected  with  each  of 
32  complementation  groups  of  vaccinia  virus  thermolabile  mutants  at  the 
non-p>ennissive  temperature.  Three  phenotypes  were  observed:  the  majority,  which 
included  viruses  detective  in  late  protein  synthesis,  carried  out  recombination  efficiently; 
the  DNA  replication  negative  group  did  not  replicate  or  recombine  the  olasmids;  the 
third  group  which  consisted  ot  only  a  single  mutant  replicated  virion  DNA  and 
resolved  concatemer  junctions  but  did  not  replicate  or  recombine  plasmid  DN'A.  These 
results  distinguish  between  resolution,  a  site  specific  recombination  process  which 
requires  svntnesis  of  late  vaccinia  proteins,  and  intramolecular  homologous 
recombination  which  does  not.  (Merchlinsky) 

Drug-resistance  domains  of  vaccinia  virus  DNA  polymerase.    Previous  work 
established  that  an  aphidicolin-resistant  vaccinia  virus  Di\'A  polymerase  contains  a 
single  mutation  resulting  in  a  substitution  of  methionme  for  leucine.  During  the  past 
year,  methods  of  site  directed  mutagenesis  have  been  optimized  in  order  to  finely  map 
the  aphidicolin  resistance  domain  and  deterrrune  structure-function  relationships. 
(DeFilippes) 

REPUCATION  OF  ADENOASSOCIATED  VIRUS  DNA 

The  AAV  genome  consists  of  either  a  plus  or  a  minus  linear  single-stranded  DNA 
with  partially  palindromic  inverted  terminal  repeats.  Previous  studies  from  this 
laboratory  established  that  replication  of  AAV  DNA  is  initiated  on  single-siranded 
genomic  templates  and  proceeds  by  a  self-priming  mechanism  with  the  3'-Lcrminal 
hairpin  serving  as  the  primer. 

Proteins  associated  with  the  terminal  palindromes.  To  identify  the  factors 
respor\sible  for  site-specific  processing  of  the  AAV  genome,  DNA 'structures  and 
associated  proteins  were  released  from  purified  virions  with  4  M  guanidinium  chloride. 
Structures  corresponding  to  terminal  palindromic  fragments  were  identified  and  two 
proteins  were  found  to  oe  associated  with  genomic  length  strands  of  DNA.  The  data 
suggest  that  terminal  palindromic  sequences  contain  a  packaging  signal  and  that 
processing  occurs  at  a  single  site.  (Chaterjee,  Sebring,  and  Rose) 

REPLICATION  OF  HERPES  SLMPLEX  VIRUS  (HSV)  DNA 

HSV  and  other  members  of  the  herpesvirus  family  are  important  human 
pathogens.  The  study  of  HSV  DNA  syntnesis  is  useful  both  as  a  model  for  eukaryotic 
DNA  replication  ana  for  designing  new  strategies  for  therapy.  Previous  work  from  this 
laboratory  demonstrated  that  seven  HSV  genes  are  necessary  and  sufficient  for 
authentic  origin-dependent  DNA  replication.  During  the  past  year  progress  has  been 
made  in  identifying  the  products  or  these  genes. 

Identification  of  the  products  of  the  genes  required  for  HSV  DNA  replication.    As 
a  first  step  toward  a  biochemical  characterization  of  HSV  DNA  replication,  we  set  out 
to  identify  the  products  of  all  of  the  essential  replication  genes.    Toward  this  goal  we 
raised  rabbit  antisera  against  the  products  of  eacn  of  these  seven  genes  including  the 
three  known  replication  proteins.    The  immunogens  used  were  either  synthetic  peptides 
or  fusion  proteins  expressed  in  £.  coli.    These  sera  were  then  used  to  analyze  the 
expression  of  the  seven  replication  proteins  during  viral  infection.    The  sera  directed 
against  previously  identified  HSV  replication  proteins  (polymerase,  ICP8,  and  UL42) 
provided  us  with  a  useful  frame  of  reference  during  our  analysis  of  the  other  four  gene 
products. 

Using  these  reagents  we  have  now  identified  the  products  of  UL5,  UL8,  UL9,  and 
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UL52  in  HSV  infected  cells.    The  apparent'  molecular  weight  of  each  polypeptide  is 
close  to  that  predicted  from  DNA  sequence  analysis.    As  expected  for  proteins  involved 
in  viral  DNA  synthesis,  these  proteins  all  localize  to  the  nucleus,  and  tney  are 
expressed  in'  a  manner  consistent  with  that  of  the  products  of  delayed  early  genes.    In 
addition,  our  data  suggest  that  these  four  proteins  are  made  in  very  low  amounts 
relative  to  the  other  three  proteins  (ICP8,  polymerase,  and  UL42).  (Olivo  and  Challberg) 

Expression  of  HSV  proteins  in  insect  cells.    Primarily  to  overcome  problems  related 
to  their  low  abundance,  we  have  expressed  UL5,  UL8,  Ul9,  and  UL52  in  insect  cells 
using  the  baculovirus  expression  system.    The  proteins  made  in  insect  cells  are  also 
approximately  of  the  predicted  size,  and  in  fact  are  indistinguishable  from  the 
corresponding  protein  found  in  HSV  infected  vero  cells.    All  of  our  results,  therefore, 
support  the  interpretation  of  the  HSV  DNA  sequence  proposed  by  our  collaborator.  Dr. 
Duncan  McGeoch,  of  the  Institute  of  Virology  in  Glasgow.    In  addition,  our  antisera 
and  recombinant  baculoviruses  have  become  extremely  useful  in  reagents  in  our 
biochemical  studies  of  HSV  DNA  replication.  (Olivo,  Nelson,  and  Challberg) 

Identification  of  the  HSV  gene  encoding  an  origin  binding  protein.    By  analogy 
with  better  characterized  prokaryotic  and  eiScaiyotic  DNA  replication  systems,  it  seems 
likely  that  the  primary  event  in  the  initiation  or  HSV  DNA  replication  involves  the 
binding  of  one  or  more  proteins  to  sequences  within  ori,  and /or  oriL.    An 
origin-specific  DNA  binding  activity  in  fact  has  been  identified  in  extracts  of 
HSV-inxected  cells,  although  the  involvement  of  this  activity  in  HSV  DNA  replication 
has  not  been  demonstrated.    We  have  made  use  of  our  specific  antisera  and 
recombinant  baculoviruses  to  identify  the  HSV  gene  encoding  this  origin  binding 
protein.      Using  immunoassay  for  protein-DNA  interaction,  we  have  snown  that  UL9 
protein  binds  specifically  to  the  HSV  origins  of  DNA  replication.    DNase  I  footprint 
analysis  has  shown  that  the  UL9  protein  interacts  with  two  related  sites  on  orisj, 
located  on  each  arm  of  a  nearly  perfect  palindrome.    Our  data  strongly- suggest  that  the 
origin  binding  activity  described  previously  is  the  product  of  the  ULy  gene.  (Olivo, 
Nelson,  and  Challberg) 

Homologous  recombination  in  HSV-infected  cells.    HSV  DNA,  or  other  DNAs 
introduced  into  HSV-infected  cells,  undergo  high  levels  of  homologous  recombination. 
In  collaboration  with  Drs.  Peter  Weber  and  Joseph  Glorioso  of  the  University  of 
Michigan,  we  have  begun  to  characterize  this  process.    In  particular,  we  have  shown 
(1)  that  extensive  recombination  requires  replication  of  the  target  DNA  by  the  HSV 
replication  system,  and  (2)  that  the  seven  genes  that  are  sufficient  for  DNA  replication 
also  suffice  tor  recombination.    Our  data  tnus  strongly  suggest  that  the  process  of  HSV 
DNA  replication  itself  is  recombinogenic.  (Challberg) 

FOLDING,  ASSEMBLY  AND  TRANSPORT  OF  VIRAL  GLYCOPROTEINS 

Understanding  the  folding,  assembly,  and  transport  of  viral  glycoproteins  is  of 
general  interest  and  practical  importance  since  it  could  lead  to  a  greater  understanding 
of  antigenic  structure.  This  information  is  critical  for  designing  vaccines  that  induce 
neutrahzing  antibody. 

Folding  of  the  influenza  hemagglutinin  (HA)  occurs  rapidly  after  synthesis.  HA 
oligomerization  begins  1  to  2  minutes  follov^ng  synthesis.  Under  normal  drcums tances 
this  is  first  detected  in  post-endoplasmic  reticulum  compartments.  However,  when  cells 
are  incubated  with  Brefeldin  A,  a  fungal  metabolite  which  prevents  transport  to  the 
golgi,  trimerization  occurs  in  the  endoplasmic  reticulum.  (Yewdell) 
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VIRUS  HOST  INTERACTIONS 

Molecular  virology  studies  have  largely  focused  on  the  virus  itself.  Tlie  importance 
of  virus/host  interactions  in  determining  vi'ral  pathogenesis  and  host  immunity  is  now 
receiving  greater  emphasis  in  LVD. 

Vaccinia  virus  encodes  a  gene  that  is  a  member  of  the  complement  binding 
superfamily.  A  protein  that  is  secreted  from  vaccinia  virus  infected  cells  was  purified 
and  the  NH2-terminal  sequence  was  determined.  Based  on  this  sequence,  the 
open-reading-frame  encoding  the  protein  was  located  on  the  vaccinia  virus  genome. 
Remarkably,  the  sequence  indicated  that  the  vaccinia  protein  was  a  member  of  a  family 
of  complement  binding  proteins  and  was  very  similar  in  structure  and  seauence  to  C4d. 
The  ability  of  a  virus  to  negatively  regulate  tVie  complement  cascade  coula  help 
counteract  host  immune  defenses.  (Kotwal  and  Moss) 


Vaccinia  virus  encodes  two  proteins  that  are  structurally  related  to  members  of  the 
plasma  serine  protease  superfamily.  Nucleotide  sequencing  has  revealed  that  vaccinia 
virus  contains  2  genes  that  belong  to  the  eukaryotic  super  family  of  plasma  serine 


protease  inhibitors.  The  2  proteins,  called  SPI-1  and  SPI-2,  have  a  44%  amino  acid 
identity  with  each  other  and  differ  in  the  active  site  region  suggesting  that  they  interact 
with  different  serine  proteases.  SPI-2  is  homologous  to  a  cowpox  virus  protein  that  has 
a  role  in  the  formation  of  hemorrhagic  pocks,  tnese  protease  inhibitors  also  may  be 
involved  in  protection  against  host  defenses.  (Kotwal  and  Moss) 

Mutation  of  the  cowpox  virus  SPI-2  gene.  The  gene  encoding  the  SPI-2  gene  of 
cowpox  virus  was  mutated  by  recombinant  DNA  techniques.  In  contrast  to  the 
wild-type  virus  which  makes  hemorrhagic  pocks,  the  mutant  makes  white  pocks  in  the 
chicken  embryo  chorioallantoic  membrane.  Histochemical  examination  reveals  alterations 
in  the  influx  of  heterophils  into  the  pock.  (Palumbo  and  Buller) 

Evidence  for  a  new  vaccinia  virus  growth  factor.  Virus-free,  concentrated  culture 
supematants  of  vaccinia  virus  infected  cells  specifically  stimulates  the  proliferation  of 
adnerent  macrophages  from  human  peripheral  blood  cells.  Efforts  to  determine  whether 
this  action  occurs  through  immune  or  non-immune  mechanisms  are  in  progress.  (Buller 
and  Palumbo) 

Genetics  of  innate  resistance  to  ectromelia  virus.  One  strain  of  mice,  C57BL/6J,  is 
highly  susceptible  to  ectromelia  infection  whereas  another,  A/J  is  not.  Sisterbrother 
cross-breeding  experiments  are  being  carried  out  to  identify  the  resistance  gene(s).  Thus 
far,  after  4  generations,  recombinant  mice  that  are  resistance  to  severe  disease  are  still 
present.  At  least  8  cycles  will  be  carried  out  before  testing  for  congenicity  of  the 
resistance  gene(s).  (Buller). 

VIRUS  EXPRESSION  VECTORS 

The  use  of  expression  vectors  has  become  an  important  part  of  recombinant  DNA 
technology.  Members  of  LVD  have  been  instrumental  in  developing  vaccinia  virus  as  an 
expression  vector  and  employing  it  for  vaccine  research  and  as  a  candidate  live  vaccine. 

New  method  developed  for  dominant  selection  of  recombinant  vaccinia  viruses. 
The  £.  coli  gpt  gene  was  used  to  provide  dominant  selection  for  vaccinia  virus 
expression  vectors.  By  synthesizing  xanthine-guanine  phosphoribosyltransferase,  only 
recombinant  vaccinia  viruses  can  Torm  plaques  in  the  presence  of  selective  medium 
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containing  mycophenolic  add,  xanthine  and  hypoxanthine.  To  use  the  system  efficiently, 
a  new  set  of  vectors  containing  a  strong  late  promoter  with  polylinker  insertion  sites  in 
all  three  reading  frames  was  constructed.  (Falkner  and  Moss) 

Use  of  a  carrier  protein  to  transport  peptide  sequences  to  the  cell  surface.  The 
immunogenicity  of  proteins  may  be  enhanced  by  their  expression  on  the  surface  of 
cells.  Previous  attempts  to  construct  hybrid  proteins  that  can  be  used  to  transport 
peptide  sequences  to  the  plasma  memorane  nave  been  generally  unsuccessful  because  of 
perturbations  in  protein  folding.  In  seeking  to  minimize  this  problem,  we  have 
employed  the  less  common  type  of  integral  membrane  protein  which  has  an  uncleaved 
signal-anchor  domain  and  an  extracellular  carboxyl  portion.  To  test  the  model,  we 
expressed  hybrid  proteins  containing  N-terminal  portions  of  the  respiratory  syncytial 
virus  glycoprotein  fused  to  the  the  dominant  repeating  epitope  of  the  circumsporozoite 
protein  of  Plasmodium  falciparum.  Surface  expression  in  tissue  culture  and  enhanced 
immunogenicity  in  experimental  animals  was  achieved.  (Satchidanandan  and  Moss) 

Prevention  of  vaccinia  virus  lethal  infection  in  immunodeficient  mice  by  vector 
directed  lymphokine  expression.  The  potential  for  vaccinia  virus  to  produce  a 
progressive  infection  in  immunodeficient  individuals  is  a  serious  problem  for  the  future 
use  of  live  recombinant  vaccinia  virus  as  a  vaccine.  We  have  demonstrated  that 
immunodeficient  athymic  nude  mice  are  subject  to  lethal  disseminated  infections  with 
vaccinia  virus  strain  WR.  However,  when  the  gene  for  human  interleukin  2  was 
inserted  into  vaccinia  virus,  the  nude  mice  were  able  to  conrol  and  eliminate  the 
infection.    Recombinant  vaccinia  virus  that  express  IL-2  are  also  more  attenuated  for 
normal  mice,  however,  this  does  not  seem  to  impair  their  immunogenicity  to  a 
significant  degree.  (Flexner,  Hugin,  and  Moss) 

Protection  of  mice  against  HSV  infection  by  immunization  with  recombinant 
vaccinia  viruses  expressing  HSV  gP  or  gB.  Significant  protection  of  mice  against  lethal 
and  latent  HSV  infection  lasted  for  more  than  one  year  after  a  single  intradermal 
vaccination  with  a  recombinant  vaccinia  virus  expressing  HSV  gD.  Protection  has  also 
been  obtained  with  recombinant  virus  ejcpressing  HSV  gB,  however  the  duration  of  this 
immunity  has  not  yet  been  determined.  These  data  suggest  that  both  genes  would  be 
useful  in  a  recombinant  vaccine.  (Moss  and  collaborators) 

Successful  vaccination  against  HSV  and  influenza  with  a  live  polyvalent  vaccinia 
vector.  A  recombinant  vaccinia  virus  that  expresses  both  the  influenza  hemagglutinin 
and  the  HSV  gD  genes  was  constructed.  Mice  inoculated  intradermally  with  this 
vaccine  were  protected  agairist  both  systemic  HSV  infection  and  lower  respiratory 
influenza  infection.  Prior  immunity  to  either  HSV  or  influenza  virus  apparently  did  not 
affect  the  replication  of  the  double  recombinant  or  influence  protection  against  either 
virus.  (Flexner,  Moss,  and  collaborators) 

NEW  INFECTIOUS  AGENTS 

HUMAN  IMMUNODEHCIENCY  Vfl^US  -  AIDS 

The  continued  spread  of  human  immunodeficiency  virus  (HIV)  makes  it  imperative 
to  develop  vaccines  and  therapeutic  agents  to  prevent  further  infection  and  help  those 
with  AIDS.  In  LVD,  recombinant  vacania  virus  expression  Vectors  have  been  employed 
to  determine  the  immune  resporise  to  HIV  and  to  develop  candidate  vaccines.  The 
interaction  of  HIV  with  its  surface  receptor,  CD4,  has  been  studied  in  order  to  design 
new  therapeutic  agents. 
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Targets  of  humoral  and  cell  mediated  immunity   Recombinant  vaccinia  viruses  that 
express  HIV  envelope  gplbO,  gag,  reverse  transcriptase,  and  tat  genes  have  been 
constructed  and  characterized.  Immunization  of  macaques  with  recombinant  vaccinia 
virus  containing  the  HIV  gpl60  gene  led  to  the  production  of  isolate  specific 
neutralizing  antibodv  and  a  group  specific  cell  mediated  immune  response.  The  targets 
of  cytotoxic  T  cells  (CTL)  have  been  determined  in  vaccinated  mice  and  in  humans 
naturally  infected  with  HIV.  Following  vaccination  with  the  gpl60  recombinant,  spleen 
cells  from  mice  were  restimulated  in  vitro  with  a  transfected  nistocompatible  cell  line 
expressing  the  same  gene  and  then  tested  for  CTL  activity.  These  studies  showed  that 
H-2d  mice  are  high  responders  and  H-2k  mice  are  low  responders.  Moreover,  the  H-2d 
mice  respond  pre'dominantly  to  a  single  immunodominant  site  represented  by  a 
13-residue  synthetic  peptide'  from  a  highly  variable  region  of  gplilO.  Studies  in  humans 
naturally  infected  with  HIV,  however,  were  quite  different.  Recombinant  vaccinia 
viruses  expressing  HIV  genes  were  used  to  infect  autologous  cells  to  make  CTL  targets. 
HIV  seropositive  indivicmals  were  found  to  have  circulating  CTL  with  group  specificity 
to  gpl60,  gag,  and  reverse  transcriptase.  These  data  suggest  that  incorporation  of 
internal  as  well  as  envelope  antigens  might  be  useful  in  a  vaccine.  (Earl,  Flexner,  Moss 
and  collaborators) 

Location  of  the  HFV  binding  site  within  the  CD4  receptor.  A  soluble  recombinant 
polypeptide  comprising  the  amino-terminal  half  of  the  extracellular  region  of  the  CD4 
molecule  was  expressed  using  a  vaccinia  virus  vector  system.  Epitope  analysis  with  a 
panel  of  anti-CD4  murine  monoclonal  antibodies  indicated  that  the  178  amino  acid  CD4 
fragment  reacted  with  those  antibodies  known  to  block  the  interaction  between  CD4 
and  the  HIV  glycoprotein  but  reacted  poorly  or  not  at  all  with  those  antibodies  that  do 
not  block  this  interaction.  Furthermore,  the  178  amino  add  molecule  formed  a  specific 
complex  with  gpl20.  (Berger  and  Moss) 

Selective  killing,  of  HIV-infected  cells  by  a  recombinant  human  CD4-pseudomonas 
exotoxin  hybrid  protein.  A  hybrid  protein  consisting  of  178  amino  acids  oi  CD4  and  the 
second  and  third  domains  of'  Pseuaomonas  exotoxin  A  was  made  in  collaboration  with 
investigators  in  XCI.  The  hybrid  protein  was  shown  to  bind  to  ^120  and  to  selectively 
kill  cells  infected  with  HIV.  Studies  with  recombinant  vaccinia  viruses  demonstrated 
that  the  killing  is  due  to  expression  of  the  HIV  envelope  protein.  This  toxin  is  being 
evaluated  as  a  possible  therapeutic  agent  for  the  treatment  of  AIDS  patients.  (Berger, 
Mizukami,  Fuerst,  Moss  and  collaborators) 

HUMAN  HERPESVIRUS  6 

Human  herpesvirus  6  (HHV-6)  is  a  new  member  of  the  herpesvirus  group  first 
isolated  in  1986,  Current  data  suggests  that  the  virus  is  ubiquitous  in  humans  and  that 
infection  occurs  in  early  childhood.  There  is  evidence  that  HHV-6  may  be  the  causative 
agent  of  exanthem  subitum  (roseola  infantum),  a  common  disease  of  infants.  Isolation  of 
the  virus  from  AIDS  patients  as  well  as  normal  individuals  suggests  that  the  virus 
establishes  a  latent  state.  It  is  unknown  whether  the  virus  causes  other  diseases  during 
pnmary  or  recurrent  infections. 

HHV-6  propagation.  Significant  advances  were  made  in  the  methodology  for  virus 
propagation  and  high  titer  stocks  have  now  been  made.  (Frenkel  and  Katsafanos). 

Characterization  of  the  viral  genome  and  cloning  of  viral  DNA.  Cleavage  patterns 
for  20  enzymes  have  been  obtained  and  the  genome  nas  been  estimated  as  120  kilobase 
pairs.  Approximately  40%  of  the  genome  has  been  cloned.  (Steele,  DiLuca  and  Frenkel). 
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Virus  tropism  and  interaction  with  host  cells.  Evidence  for  T  cell  tropism  has  been 
obtained.  HHV-6  replication  requires  T  cell  activation  which  may  be  mediated  through 
the  CDS  pathway.  (Frenkel  and  collaborators) 

ADMINISTRATIVE  CHANGES 

During  the  past  year  the  phase  1  renovations  at  Twinbrook  2  were  completed  and 
research  laboratories  were  occupied  by  Drs.  Bennink,  Frenkel,  Yewdell  and  their 
associates.  The  renovations  in  building  4  are  nearine  completion  and  a  move  from 
building  5  is  imminent.  As  usual,  there  has  been  a  nelathy  turnover  of  young 
investigators  who  came  to  LVD  to  further  their  research  training.  Some  have  gone  on  to 
academic  appointments  and  others  to  positions  in  industry. 

HONORS  AND  AWARDS 

Dr.  BuUer  received  the  NIH  Award  of  Merit.  Dr.  Moss  was  inducted  into  the 
National  Academy  of  Sciences,  was  a  Wellcome  Visiting  Professor  in  Microbiology  at 
the  University  of  Florida  and  gave  several  distinguished  lectures  including  the  Cnarles 
A.  Stuart  Memorial  Lecture  at  Brown  University,  the  Boyce  Thompson  Distinguished 
Lecture  at  Cornell  University,  and  the  Cancer  Research  Campaign  Lecture  at  the 
Uiuversity  of  Glassgow. 

Members  of  LVD  serve  on  the  editorial  boards  of  numerous  scientific  journals. 
Dr.  Rose  was  renominated  to  the  editorial  board  of  the  Journal  of  Virology;  Dr.  Levy 
continues  to  serve  on  the  boards  of  the  Journal  of  Bioactive  Polymers  and  the  Journal  of 
Biological  Regulators  and  Homeostatic  Agents;  Dr.  Moss  is  an  associate  editor  of  Virology 
and  is  on  the  boards  of  the  Journal  of  Virology  and  Advances  in  Virus  Research. 

Members  of  LVD  presented  numerous  lectures  and  seminars  in  this  country  and 
abroad. 
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The  primate-  effective  interferon  inducer,  poly  inosinic-polycytidyl ic  acid 
complexed  with  poly  1-lysine  and  carboxymethyl  cellulose,  polylCLC,  administered 
intravenously,  has  been  shown  to  induce  changes  in  some  subsets  of  white  blood 
cells  and  in  cell-associated  immune  functions,  in  monkeys  and  man.   In  some 
instances  the  effect  is  dose  related,  in  that  low  doses  can  cause  one  effect, 
while  higher  doses  will  cause  the  opposite  effect.  At  low  doses  there  is 
an  increase  in  percent  lymphocytes  in  the  blood  and  an  increase  in  NK  cell 
activity,  while  at  higher  doses  there  is  a  decrease  in  both  of  these  parameters. 
At  the  higher  doses  there  is,  however,  a  marked  increase  in  total  WBC,  all  of 
which  is  atributable  to  an  increase  in  granulocytes.  At  all  doses  tested 
there  is  an  increase  in  macrophage  numbers  and  activity,  and  an  increase 
in  2'5'  oligo  A  synthetase.  The  expression  of  0R+  antigen  is  also  enhanced. 
The  ratio  of  T4  to  T8  lymphocytes  is  increased,  and  this  effect  can  be  elicited 
each  time  on  reinjection.  The  effects  are  transient,  lasting  up  to  3  days. 
A  protocol  to  treat  AIDS  patients  with  polylCLC  has  been  developed  and  approved 
by  FDA. 
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SUMMARY  OP  WORK  (Use  standard  unreduced  type.  Do  not  excead  tfta  space  providad.) 

Poxviruses  provide  a  unique  experimental  system  for  studying  DNA  replication. 
Required  enzymes  and  factors  are  encoded  within  the  viral  genome  and  DNA  synthesis 
and  processing  occurs  within  the  cytoplasmic  compartment  of  the  cell.  Analysis  of  a 
large  series  of  temperature  sensitive  mutants  of  vaccinia  virus  has  allowed  us  to  divide 
genome  formation  into  two  stages:  DNA  replication  which  generates  concatemers  and 
resolution  of  concatemers  into  monomers.  Expression  of  early  genes  is  required  for  the 
former  and  late  genes  for  the  latter.  Site-directed  mutagenesis  was  used  to  define  the 
sequence  required  for  the  resolution  of  the  vaccinia  virus  concatemer  junction.  A 
model  for  resolution  involving  site-spedfic  recombination  and  oriented  branch  migration 
is  consistent  with  our  data.  The  requirements  for  resolution  and  intramolecular 
recombination  are  different.  Biochemical  and  genetic  studies  indicated  that  early 
functions  including  DNA  replication  are  necessary  for  intramolecular  recombination  in 
transfected  plasmids  but  that  late  functions  are  not  necessary.  A  DNA*  temperature 
sensitive  mutant  blocked  in  recombination  was  found. 


15-11 


PHS  6040  (Rrf.  1/84)  <"*'  •«4"«<« 


PROJECT  NUMBE'' 
DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  ■  PUBLIC  HEALTH  SERVICE  201    AJ   00126-15-LVD 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


PES'OO  COVERED 

October  1,  19S7  to  September  30,  1988 


TITLE  0^  'RCEC   4.  :'<t'»cr»n  v  '»it    '•"*  '"ui'  '''  <v  o"^  w>»  o»rw»«n  f«»  oonMn  y 

Functional  Ajialvsis  of  Vacdnia  Vims  DNA 


PfliNClPAL  INVESTIGATOR  ILitl  olf>»'  onV*SM>na/  pcoonnw  Ofow  n*  PnnciO»i  in\9tiigti0'  i  iNtmt.  nin    lUxytioiy   *na  msutuf  t/rfiiioni 

PI:     F.  M.  DeFilippes  Research  Physicist  LVD,  NIAID 


COOPERATING  UNITS  irf  *ry 


LA&  BRANCH 

Laboratory'  of  Viral  CHseases 


SECT'OM 

Macromolecular  Biology  Section 


INST 


?iiLXlb'','5.lH?'^ethesda,  MD    20892 


TOTAL  MAN-YEARS 


0.1 


CHECK  APPROPRIATE  BOXiESi 

C  (a)  Human  subjects  G  (b)  Human  tissues  l2  (c)  Neither 

D   (al)  Minors 
C   (a2)  Interviews 


SUMMARY  OF  <VORK  lUu  tiinaan  unr^aucta  ryp*   Do  not  (xc***)  ffx  soacm  provKMO  I 

A  vacdnia  virus  mutant  which  is  resistant  to  aphidicolin  (AP)  codes  for  an 
AP-resistant  DNA  polymerase.  A  change  from  wild-type  (WT)  cytosine  to  adenine  at 
position  2430  of  the  DNA  sequence  changes  leucine  to  methionine  in  the  polymerase  and 
confers  AP  resistance.  The  mutation  site  is  in  a  region  of  six  amino  adds  which  are 
conserved  in  several  DNA  polymerases.    I  am  substituting  other  amino  adds  for  the  WT 
leucine  at  the  original  mutation  site  and  testing  for  AP  resistance.  To  proceed  effidently, 
I  have  developed  the  techiuque  for  site-directed  mutagenesis  describea  by  Eckstein.  This 
procedure  produces  recombinant  single  stranded  (ss)  DNA  containing  a  mutation  which 
IS  spedfiecT  in  an  oligonudeotide  primer.  Frequently  over  75%  of  the  plaques  produced 
by  transformation  contain  the  desired  alteration  so  that  a  preliminary  screen  for  the 
mutation  is  unnecessairy.  Also,  one  can  anneal  different  primers  with  different  substituted 
nudeotides  to  a  single  template.  One  reaction  used  three  primers  with  different 
substitutions  and  omy  five  plaques  had  to  be  picked  to  obtain  the  three  mutations. 
Furthermore,  sequence  permutations  over  a  short  region  can  be  amplified  by  annealing  a 
single  primer  with  substitutions  at  positions  starting  near  one  end  and  extending  to  the 
center  of  the  oligonudeotide.  Because  centrally  located  alterations  are  obtained  more 
frequently  than  peripheral  ones,  different  plaques  contain  different  sequence  alterations. 
Also,  the  marker  transfer  reaction  was  mcKlified  to  use  ss  recombinants  rather  than  the 
usual  plasmid  (ds)  DNA.  Eight  micrograms  of  ss  DNA  produced  as  many  mutant 
plaques  as  one  microgram  oT  ds  DNA.  Finally,  the  template  used  for  one  set  of  AP 
mutagenic  readions  contained  the  phosphonoacetate  (PA)  resistance  mutation.    This 
corxstrudion  can  be  used  to  indicate  whether  or  not  a  given  substitution  at  the  AP  site  is 
liable  to  be  lethal  since  the  recombinant  can  be  tested  for  PA  resistance.  The  results  so 
far  indicate  that  substitution  of  leudne  by  proline,  arginine,  tryptophan  or  glutamic  add 
does  not  confer  AP  resistance. 
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Among  objectives  of  these  studies  has  been  the  application  of  physical,  biochemical, 
and  biological  techniques  to  characterize  the  structure  and  function  of  certain  sequences  (e.g.,  the 
inverted  terminal  repeats)  and  genes  of  adenovirus  (Ad)  DNA.    In  earlier  studies,  we  first 
identified  and  characterized  the  VA  RNA  gene/ transcript  and  inverted  terminal  repeats  in  Ad 
DNA.    We  have  continued  to  investigate  the  specific  functions  of  several  early  Ad  genes,  e.g., 
the  VA  and  DNA-binding  protein  genes.    Our  results  indicate  that  these  latter  genes  are 
involved  in  the  regulation  of  translation  of  certain  viral  mRNAs.    Among  methods  used  are 
gradient  sedimentation,  DNA  clevage  with  restriction  endonucleases,  gel  electrophoresis,  base 
sequence  analysis,  and  DNA  transfection. 
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The  main  objectives  of  this  project  are  (i)  to  define  where  and  how  each  required 
helper  virus  factor  regulates  expression  of  defective  human  paravovirus  (AAV)  genomes, 
and  (ii)  to  relate  these  findings  to  their  respective  roles  in  the  replication  of  the  helper 
viruses  (adenoviruses,  herpesvirus)  themselves  as  well  as  to  potentials  for  selective 
interference  with  viral  infection.    We  previously  mapped  the  adenovirus  genes  required 
for  AAV  replication  and  continue  to  investigate  their  specific  helper  functions.    Similar 
studies  are  in  progress  with  herpes  simplex  viruses.    Among  methods  used  are  specific 
immunofluroescence,  cleavage  or  DNA  with  restriction  endonucleases,  DMA  cloning,  gel 
electrophoresis,  blot-hybridization  analyses,  and  DNA  transfection  of  both  simian  and 
human  cell  lines. 
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The  main  objective  of  these  studies  are  (1)  to  identify  and  characterize  all  proteins 
that  are  specifiea  by  the  defective  human  parvoviruses  (AAV)  and  to  determine 
similarities  and  differences  with  autonomous  parvovirus  proteins,  (2)  to  define  the 
mechanism(s)  by  which  the  AAV  proteins  arise,  and  (3)  to  define  specific  functions  of 
the  AAV  proteins.    We  have  identified  several  AAV  non-structural  proteins  which  were 
previously  undetected.    At  least  one  of  these  proteins  is  necessary  for  viral  DNA 
replication.    Post-translational  processing  does  not  account  for  production  of  any  AAV 
structural  proteins  although  they  share  large  segments  of  sequences-in-common.    It  is 
now  dear,  however,  that  these  proteins  onginate  from  independent  in-frame  initiations. 
Mechaiusms  that  regulate  expression  of  AAV  proteins  are  of  fimdamental  interest,  and 
we  have  now  shown  that  one  AAV  structural  protein  is  initiated  by  a  codon  not  known 
previously  to  act  as  an  initiation  codon  in  higher  eukaryotes.    Furthermore,  our  current 
findings  U)  support  a  "scanning  mechanism"  m  the  translational  expression  of 
polydcstronic  eukaryotic  mRNAs,  and  (ii)  demonstrate  that  alternative  mRNA  splicing  is 
required  for  effective  translational  expression  of  the  largest  AAV  capsid  protein.    Among 
methods  used  are  site-directed  mutagenesis,  affinity  chromatography,  gel  electrophoresis, 
in  vitro  translation  of  viral  RNA,  electrophoretic  and  HPLC  analyses  of  V8  protease,  and 
tryptic  peptides  and  aminoterminal  sequendng  of  purified  polypeptides. 
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The  primary  objective  of  this  project  is  to  define  molecular  and  biochemical 
mechanisms  mvolved  in  eukaryotic  DN'A  synthesis.    To  approach  this  problem,  we  are 
investigating  adeno-assodated  virus  (AAV)  DNA  replication  in  both  in  vivo  and  in  vitro 
systems.    We  have  shown  that  AAV  DNA  synthesis  can  be  initiated  m  vitro  in  cell-free 
extracts  and  that  replicating  forms  that  correspond  to  those  identified  m  mvo  can  be 
synthesized  with  either  endogenous  or  exogenously  added  templates.    Recently,  we 
have  identified  two  DNA-assodated  proteins  that  may  play  an  important  role  in  the 
required  processing  of  self-primed  unit  length  hairpin  and  concatemeric  intermediates  of 
DNA  replication.    The  observed  mode  of  AAV  D^JA  replication  may  serve  as  a  model 
for  telomere  replication  in  eukaryotes.    Among  methods  used  are  af'finity 
chromatography,  gel-electrophoresis,  DNA  sequence  analysis,  and  restriction  cleavage  of 
DNA  molecules. 
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SUMMARY  OF  WORK  (Usa  sfanSart  unrwiuceO  type.  Do  not  excewl  ttie  space  provided.) 

Vaccinia  virus  has  been  developed  into  a  eukaryotic  expression  vector.    A  chimeric 
gene  is  formed  by  ligating  vaccinia  virus  transcriptional  regulatory  signals  to  a  foreign 
protein  coding  sequence.    Homologous  recombination  is  used  to  insert  the  chimeric 
gene  into  a  non-essential  region  ofthe  vaccinia  virus  genome.    During  the  past  year, 
we  have  used  stronger  late  promoters  to  increase  the  level  of  expression  and  develop  a 
new  dominant  selection  system,  based  on  co-expression  of  the  Escherichia  coli  gpt  gene, 
for  isolation  of  recombinant  viruses.    The  respiratory  syncytial  virus  glycoprotein  B 
gene  was  employed  to  construct  hybrid  ^enes  in  order  to  bring  peptide  sequences  to 
tne  cell  surface  and  enhance  immunogemdty.    The  athymic  immunodefident  nude 
mouse  was  developed  as  a  model  for  progressive  infection  with  vacdnia  virus.    We 
foimd  that  the  patnogenidty  of  vacdnia  virus  for  nude  mice  was  abrogated  by 
expression  of  the  lymphokine  IL-2.    Continued  work  using  a  recombinant  vacdnia  virus 
that  expresses  the  nerpes  simplex  virus  type  1  (HSV-1)  glycoprotein  D  gene  for 
vacdnation  of  mice,  established  that  protective  immunity  against  lethal  and  latent 
infections  lasted  for  more  than  a  year,  that  immunity  could  be  boosted  with  a  second 
vacdnation,  but  that  pre-existing  immunity  to  vaccinia  virus  was  detrimental. 
Protective  immunity  to  HSV-1  was  also  induced  with  a  recombinant  vacdnia  virus  that 
expressed  the  gB  gene.    Polyvalent  expression  vectors  were  constructed  that  protected 
mice  against  both  HSV-1  and  influenza  virus.    In  addition,  recombinant  vacdnia  virus 
was  used  to  determine  influenza,  HSV-1,  and  malaria  targets  of  cytotoxic  T  cells. 
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In  this  project  we  focused  our  studies  on  the  genetic  basis  both  of 
orthopoxvirus  virulence  and  of  host  resistance  to  virus  infection. 
The  acquired  Jcnowledge  should  contribute  towards  the  development  of 
safe,  effective,  recombinant  vaccinia  virus  vaccines  for  animal  and 
human  use.   A  deletion  mutant  of  cowpox  virus  has  been  constructed 
which  lac)cs  a  functional  gene  for  a  38  Icilodalton  protein  involved 
in  the  generation  of  a  hemorrhagic  pocJc  on  the  chlorioallantoic 
membrane  of  the  chicicen  embryo.   The  mutant  poclc  contains 
significantly  more  heterophils  than  the  WT,  and  the  significance  of 
this  observation  is  being  investigated.   An  activity  from  vaccinia 
virus  infected  culture  supernatants  has  been  identified  that  causes 
'H-thymidine  incorporation  into  DNA  of  cells  from  human  peripheral 
blood  lymphocyte  populations.   Experiments  are  ongoing  to  determine 
whether  the  activity  is  virus-coded  and  the  mechanism  of  action  on 
the  target  cell(3).  Using  the  cross-intercross  system,  the  A  strain 
of  mouse  (disease  susceptible)  was  crossed  with  a  disease  resistant 
C57BL/6J  mouse  in  order  to  generate  a  mouse  strain  A.B6-Rinp 
(resistance  to  mousepox)  congenic  for  the  resistance  loci.   This 
will  aid  in  studying  the  non-H2  innate  resistance  genes  important  in 
resistance  to  disease. 
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Vaccinia  virus  has  a  genome  of  about  85,000  base  pairs  that  encodes  approximately 
200  polypeptides.    These  genes  are  expressed  within  the  cytoplasm  in  a  coordinated 
fashion  so  that  some  polypeptides  are  made  before  and  others  after  DNA  genes  are 
packaged  within  the  infectious  particle  while  those  needed  for  late  transcription  are 
present  in  the  cytoplasm  of  infected  ceils.    The  aim  of  this  project  is  to  determine  the 
mechanisms  regulating  transcription.    This  involves  the  enzymes  and  protein  factors,  the 
structure  of  the  RNA  and  the  DNA  signals. 

Progress  in  understanding  early  transcription  has  been  made  this  oast  year.    Three 
components  have  been  purified  from  virus  particles;  a  multi  subvmit  DNA-dependent 
RNA  polymerase;  a  transcription  iiutiation  factor  that  binds  specifically  to  early 
promoters  and  has  an  assoaated  DNA-dependent  ATPase;  and  a  transcription 
termination  factor  that  is  a  component  of  thecapping  enzyme  complex.   The 
termination  signal,  originally  identified  as  TTTTTNT  was  shown  to  be  recognized  after 
transcription  and  hence  is  UUUUUNU.    The  poly  (A)  polymerase  from  vaccinia  virions 
was  further  characterized  with  regard  to  its  specificity  for  nucleotides.    The  type  I  DNA 
topoisomerase  from  vaccinia  virions  was  purified,  the  seauence  of  the  NH2-terminus 
determined,  the  gene  mapped,  and  the  eiizyme  expressed  in  high  yield  in  £.  coli. 

The  5'  ends  of  late  mRNAs  were  shown  to  consist  of  capped  poly  (A)  leaders  of 
variable  length.    A  transcription  system  that  specifically  transcribes  late  genes  was 
developed  from  extracts  of  infected  cells  and  a  transcription  factor  was  partially 
purified.    The  in  vitro  system  synthesizes  late  mRNA  with  the  5'poly(A)  leader. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Human  immunodeficiency  virus  (HTV)  has  been  identified  as  the  etiological  agent 
of  human  immunodeficiency  syndrome  (AIDS).    At  present,  there  is  no  effective  vaccine 
against  this  disease.    TTie  ODJect  of  this  investigation  is  to  characterize  HIV  antigens, 
determine  the  targets  of  humoral  and  cell  mediated  immunity  and  to  use  this 
information  to  develop  candidate  vaccines.    We  have  constructed  recombinant  vaccinia 
viruses  containing  HIV  genetic  information.    These  viruses  have  been  used  as  live 
vaccines  to  immimize  animals,  to  synthesize  subunit  proteins,  and  to  make  targets  for 
cytotoxic  T  cells.    Our  finding  that  HIV  infected  individuals  have  circulating  cytotoxic  T 
cells  directed  to  conserved  epitopes  within  reverse  transcriptase,  as  well  as  gag  and  env, 
may  be  significant  for  vaccine  development. 
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Vaccinia  virus  has  two  copies  of  a  gene  which  has  amino  acid  sequence  homology 
with  the  receptor  binding  site  of  epidermal  growth  factor  (EGF)  and  transforming  growth 
factor  (TGF-a).    A  25  kilodalton  glycoprotein  (vaccinia  virus  growth  factor  (VCFlthat  can 
bind  to  EGF  receptors)  has  been  purified  from  media  of  virus  infected  BS-C-1  cells.    When 
a  mutant  virus  (VGF'  was  constructed  bv  removing  both  copies  of  the  sequence  encoding 
the  putative  EGF  receptor  binding  site,  the  EGF  receptor  binding  activity  in  infected  cells 
was  abolished.    Inoculations  of  the  VGF  mutant  into  BALB/cByj  mice  by  the  intracranial 
route  and  into  the  rabbit  skin  by  the  intradermal  route  resulted  in  reduced  virus 
replication  as  compared  to  wild-type  CWT)  virus.    No  significant  difference  in  plaguing 
efficiencies  between  VVT  and  VGf"  mutant  was  observed  in  the  presence  of  anti-EuF 
receptor  antibody.    This  and  other  studies  support  the  notion  that  VGF  binding  to  the 
EGF^  receptor  is  not  required  for  virus  entry  into  host  cells.    Experiments  both  m  vitro 
with  resting  cell  lines  and  m  vivo  with  the  chicken  embryo  CAM  suggest  strongly  that 
VGF  acts  on  uninfected  cells  around  the  focus  of  infection  inducing  cellular  proliferation, 
which  increases  the  rate  of  virus  replication  and  spread  within  the  lesion  and,  presumably, 
the  animal     Current  studies  are  in  progress  to  compare  the  EGF-  like  gene  products  fronri 
vaccinia  virus  with  another  poxvirus,  Snope  fibroma  virus. 
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Herpes  simplex  virus  is  a  useful  model  for  studying  the  mechanisms  involved  in 
DNA  replication  in  eukaryotic  cells.    Our  current  efforts  are  directed  toward  studying  this 
process  with  purified  proteins.    We  have  previously  found  seven  viral  genes  which  are 
Doth  necessary  and  sufficient  to  carry  out  authentic  origin-dependent  DNA  replication. 
The  sequence  of  each  one  of  these  seven  genes  has  been  determined.    Using  tne  predicted 
amino  add  sequence  as  a  starting  point,  we  have  raised  rabbit  antisera  against  the 
product  of  each  of  the  seven  genes.    The  antisera  have  been  used  in  immunoassay 
experiments  to  identify  the  proteins  in  HSV-infected  cells.    All  seven  proteins  localize  to 
the  proteins  in  HSV-infectecl  cells.    All  seven  proteins  localize  to  the  nucleus  and  are 
expressed  in  a  manner  consistent  with  the  idea  that  they  are  the  products  of  early  genes. 
Various  immunological  assays  suggest  that  four  of  these  proteins  (UL5,  UL8,  UL9,  and 
UL52)  are  made  in  infected  cells  m  very  low  abundance  relative  to  the  other  three.    In 
UL5,  UL8,  UL9,  and  LfL52  in  insect  cells  using  the  baculovirus  expression  system.    The 
HSV  proteins  made  in  ii\sect  cells  are  immunoprecipitable  with  the  appropriate  antisera 
and  the  size  of  each  protein  is  indistinguishable  from  the  corresponding  protein  made  in 
HSV  infected  Vero  cells.    We  have  purified  one  of  these  proteins  (UL9).    Preliminary 
characterization  of  purified  UL9  has  shown  that  it  binds  specifically  to  the  HSV  origins  of 
DNA  replication. 
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CD4  is  an  integral  membrane  protein  of  human  helper  T  lymphocytes  that  serves, 
as  an  essential  component  of  the  receptor  for  the  human  immunodeficiency  virus  (HTV), 
the  causative  agent  of  human  immunodeficiency  syndrome  (AIDS).    HIV  binding  and 
fusion  with  the  cell  are  mediated  by  specific  interaction  between  the  external  subunit  of 
the  viral  envelope  glycoprotein  (gpi20)  and  CD4  on  the  target  cell  surface.    We  are 
interested  in  determining  the  nature  of  the  binding  interaction  and  using  this 
information  to  develop  tnerapeutic  agents.    During  the  past  year  we  have  demonstrated 
that  a  truncated  180-amino  add  fragment  of  CD4  contains  the  epitopes  for  several 
monoclonal  antibodies  that  block  HIV  binding  and  that  this  CD4  fragment  can  form  a 
specific  complex  with  gpl20.    A  recombinant  fusion  protein  containing  the  CD4  binding 
site  and  portions  of  the  Pseudomonas  exotoxin  A  selectively  killed  cells  infected  with 
HTV  and /or  expressing  the  HIV  envelope  protein.    This  fusion  protein  has  potential  for 
AIDS  chemotherapy. 
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Vaccinia  virus  contains  a  large  number  of  genes  that  are  not  essential  for 
replication  in  tissue  culture.    The  conservation  of  these  genes  in  vaccinia  virus  and 
other  members  of  the  orthopoxvirus  genus,  however,  signifies  that  the  protein  products 
have  an  important  role  in  virus-cell  or  virus-host  interactions.    The  isolation  of  deletion 
mutants  of  vaccinia  virus  provides  a  vy^ay  of  identifying  the  "non-essential"  genes.    DNA 
corresponding  to  a  12,000  case  pair  deletion  was  sequenced  and  17  open-reading  frames 
were  characterized.    One  of  the  open  reading  frames  encodes  a  secretory  protein  that 
belongs  to  the  family  of  complement  binding  proteins,  and  has  a  remarkable  similarity 
to  the  C4b  binding  protein.    This  protein  may  protect  vaccinia  vims  against  host 
immune  responses  by  regulating  tne  complement  cascade.    Another  open-reading  frame, 
identified  because  the  gene  had  been  duplicated  and  transposed,  encodes  a  protein  that 
belongs  to  the  family  of  plasma  serum  protease  inhibitors.    A  second  member  of  this 
family  was  located  about  6,000  base  pairs  away.    These  proteins  may  regulate  the 
activity  of  host  senim  proteases. 
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Human  herpesvirus  6  (HHV-6)  is  a  new  member  of  the  herpesvirus  group,  first 
isolated  in  1986  by  Salahuddin  et  al  (Science,  1986;234:596-601).    Current  data  suggest  that 
the  vims  is  ubiquitous  in  humans  and  that  infection  occurs  in  early  childhood.      Our  owr 
studies  of  HHV-6  began  in  February  1988,  in  the  new  NIAID  Twinbrook  facility.    The 
overall  objective  of  our  studies  is  to  understand  virus  replication,  and  virus  host-cell 
interactions.    Our  progress  during  the  past  few  months  can  be  summarized  as  follows: 
(i)  Virus  propagation:    A  significant  amount  of  effort  in  the  first  few  months  has  been 
devoted  to  the  methodology  for  virus  propagation.  We  are  now  able  to  obtain  high  titer 
virus  stocks  corresponding  to  IC-IO'  tissue  culture  infectious  units  per  mL 
(ii)    Characterization  of  viral  genome  and  cloning  of  viral  DNA:  We  have  obtained  generaj 
cleavage  patterns  for  25  restriction  enzymes.    HindlU  clones  representing  approximately 
40%  of  genome  were  obtained  thus  far. 

(iii)    Development  of  genetic  markers  to  be  used  in  functional  mapping  and  vector 
engineering:    Progress  has  been  made  in  selection  of  variants  with  altered  cytopathology. 
We  have  also  defined  virus  sensitivity  to  phosphonoacetate  and  to  acyclovir  as  potentially 
useful  markers  for  DNA  replication  enzymes. 

(iv)    Potential  development  of  HHV-6  as  a  T  cell  vector  We  have  begun  serial 
propagation  of  virus  series  containing  defective  virus  genomes,  so  as  to  identify  the 
cis-acting  signals  required  for  HHV-6  DNA  propagation. 

(v)    Virus  tropism:    Preliminary  results  of  studies  done  v^th  purified  T  cells,  B  cells,  and 
n:\acrophages7monocytes  have  revealed  a  T  cell  tropism. 

(vi)  Interaction  with  the  host  and  the  requirement  tor  virus  replication:    Preliminary 
results  have  revealed  that  HHV-6  replication  requires  T  cell  activation  and  that  this 
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Understanding  the  folding,  assembly,  and  transport  of  viral  glycoproteiris  is  of 
general  interest,  and  practical  importance,  since  it  could  lead  to  greater  understanding 
of  the  antigenic  structure  of  viral  glycoproteins;  information  critical  for  designing 
vaccines  that  induce  antibodies  that  neutralize  viral  infectivity  and  confer  protection 
against  infection.    We  have  studied  the  biosynthesis  of  influenza  virus  glycoproteins 
using  monodonal  antibodies  (MAbs)  that  discriminate  between  various  forms  of  the 
glycoproteins  present  within  virus  infected  cells.    To  summarize  the  major  findings: 

Folding  of  the  hemagglutinin  (HA)  glycoprotein  occurs  rapidly  during  biosynthesis, 
possibly  even  co-translationally. 

HA  oligomerization  begins  1  to  2  minutes  following  synthesis.    In  the  presence  of 
an  agent  which  inhibits  glycoprotein  transport  form  the  endoplasmic  reticulum  (e.r.), 
oligomerization  occurs  detectaoly  within  the  e.r.;  under  normal  circumstances  however, 
oligomers  are  only  detected  in  post-endoplasmic  reticulum  compartments. 

A  new  panel  of  MAbs  was  produced,  and  experiments  initiated,  to  examine  similar 
events  in  the  biosynthesis  and  assembly  of  the  other  influenza  virus  glycoprotein  the 
neuraminidase. 
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T  Ivmphocvtes  play  a  critical  role  in  host  immunity  to  viruses.    Unlike  antibodies,  which 
recoemze  free  antigen,  T  cells  recognize  antigens  in  conjunction  with  class  I  and  class  II 
molecules  of  the  major  histocompatibility  complex  (MHC).    In  previous  work,  we 
characterized  the  class  I  restricted  T  cell  response  to  influenza  virus  at  the  level  of 
individual  viral  gene  products  and  class  I  restriction  elements.    In  the  past  year,  we  have 
used  this  information  to  investigate  the  role  of  class  1  molecule  biosynthesis  and  transport 
in  cellular  processing  of  viral  antigens  or  T  cell  recognition.    To  summanze  our  findings: 

j  1.    Active  ribosomal  synthesis  of  class  I  molecules  is  not  required  for  processing  of  viral 
antigens  for  T  cell  recognition. 

Z    By  contrast,  antigen  processing  is  completely  inhibited  by  incubating  antigen 
processing  cells  with  Brefeldin  A,  a  fungal  metabolite  knov^m  to  inhibit  transport  of 
secretory  and  membrane  bound  proteins  at  a  pre-Golgi  complex  location. 

3.    Consistent  with  this  observation,  antigen  processing  is  deficient  in  a  mutant  cell  line 
that  exhibits  a  defect  in  membrane  glycoprotein  transport. 
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LABORATORY  OF  MICROBIAL  STRUCTURE  AND  FUNCTION 

Rocky  Mountain  Laboratories 

Hamilton,  Montana 

National  Institute  of  Allergy  and  Infectious  Diseases 

October  1 , 1 987,  to  September  30, 1 988 

RESEARCH  HIGHLIGHTS 

Research  in  LMSF  focuses  on  bacterium-host  interactions.  The  bacterial  surface 
components  that  induce  or  provol<e  disease  in  an  animal  host  are  studied  to  define 
mechanisms  of  pathogenesis  and  to  identify  possible  vaccine  candidates;  and 
immunoglobulins  directed  against  microbial  surface  constituents  are  constructed  and 
studied  to  define  their  pathogenesis-interfering  potential.  Bacteria  studied  in  LMSF 
during  FY1988  include  Chlamydia  trachomatis  and  C.  psittaci,  Francisella  tularensis, 
Coxiella  bumetii,  Ricl<ettsia  ricl<ettsii  and  R.  conorii,  and  Neisseria  gonorrhoeae. 
Immunoglobulin  reagents  against  group  B  streptococci  and  against  HIV  were  explored 
for  potential  therapeutic  utility. 

Chlamydia  trachomatis  and  C.  psittaci:  During  FY1988,  members  of  the  Section  of 
Chlamydial  Diseases  led  by  Harlan  Caldwell  made  impressive  strides  toward  under- 
standing chlamydial  infections  and  their  sequelae.  Earlier  studies  by  Caldwell  and 
coworkers  showed  that  the  dominant  immunogen  of  C.  trachomatis  is  their  major 
outer  membrane  protein  (MOMP),  that  MOMPs  of  different  chlamydial  account  for 
their  serotype  distinctions,  and  that  protection  against  infection  correlates  with 
mucosal  immunologic  responses  against  MOMP.  Molecular  cloning  and  sequencing  of 
MOMP-encoding  genes  from  several  serotypes  by  W.  Baehr,  T.  Joseph.  Y.-X.  Zhang. 
and  Caldwell  demonstrated  structural  similarities  and  differences  among  MOMPs  of 
the  various  chlamydial  serotypes.  Sequence  differences  are  concentrated  in  four 
variable  domains  (VDI  -  VDIV),  all  of  which  are  surface-exposed  on  intact  chlamydia. 
Those  findings  were  extended  and  refined  through  cloning  and  sequencing  MOMP 
genes  from  several  additional  chlamydial  serotypes  by  Zhang  and  through  sequencing 
the  MOMP  mRNAs  of  other  serotypes  by  Y.  Yuan.  Their  results  pin-pointed  the 
hydrophiiic  surface-exposed  portions  of  each  MOMP  which  constitute  the  molecule's 
major  B-cell  epitopes.  Their  data  also  tentatively  identified  two  T-helper  cell 
determinants  of  MOMP  that  likely  prime  animals  to  mount  secondary  IgG  responses 
to  their  respective  B-cell  epitopes.  The  putative  role  of  one  such  T-cell  determinant 
has  been  corroborated  by  results  with  synthetic  oligopeptides  (N.  Watkins  and  H.  Su). 
A  role  for  MOMP  in  the  adherence  of  chlamydiae  to  host  cells  was  defined  by  Su. 
Watkins.  and  Caldwell  who  used  limited  proteolysis  and  monoclonal  antibody  binding 
to  VDII  and  VDI.  These  studies  point  to  MOMP  as  a  primary  candidate  for 
development  of  an  experimental  chlamydial  vaccine.  Accordingly,  Zhang  has  fused 
selected  MOMP-encoding  sequences  with  LamB  in  Escherichia  coli,  and  these  recom- 
binant genes  will  be  introduced  into  salmonella.  Such  infectious  bacterial  vectors 
should  present  relevant  portions  of  MOMP  to  the  animal  host's  secretory  immune 
system  in  the  context  of  gastrointestinal  infection,  in  a  fashion  that  is  relevant  for 
stimulating  protective  immunity  against  chlamydial  infection  of  ocular  and  other 
mucosal  sites.  Specific  MOMP-encoding  sequences  have  also  been  inserted  into  the 
VP1  gene  of  Sabin  1  poliovirus  by  Caldwell  and  J.  Almond  (University  of  Reading); 
this  recombinant  vector  retains  infectivity  for  tissue  culture  cells  and  should  be 
effective  for  introducing  desired  MOMP  immunogens  to  an  animal's  mucosal  and 
immune  systems. 
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Previous  studies  by  Watkins  and  Caldwell  showed  that  hypersensitivity  to  soluble 
chlamydial  components  accounted  for  the  reactive  conjunctivitis  m  animals  that  had 
previous  ocular  infection  with  C.  psittaci  strain  GPIC  and  had  been  rendered  immune 
to  infection  with  the  homologous  strain.  R.  Morrison  found  that  such  ocular  hyper- 
sensitivity IS  directed  against  a  57-kDa  protein  that  he  extracted  from  infectious 
chlamydial  elementary  bodies  and  purified.  This  57-kDa  protein  is  common  to  both 
C.  psittaci  and  C.  trachomatis:  it  is  elaborated  from  tissue  culture  cells  that  are 
chronically-infected  with  chlamydiae  whose  intracellular  developmental  cycle  is 
interaipted  by  penicillin.  The  57-kDa  protein  is  a  potent  stimulator  of  delayed-type 
hypersensitivity  and  may  be  relevant  to  the  evolution  of  blinding  trachoma  as  a 
sequela  of  chlamydial  infection. 

Rickettsia  rickettsii  and  conorii:  Earlier  studies  by  G.  McDonald  showed  that  a 
cloned  gene  which  encodes  a  155-kDa  protein  of  R.  nckettsii  stimulates  protective 
immunity  against  expenmental  spotted  fever  when  administered  in  a  whole  cell 
recombinant  Escherichia  coli  vaccine.  These  studies  have  been  extended  in  guinea 
pig  protection  studies  by  McDonald.  A  gene  of  R.  conorii  (agent  of  Boutonneuse 
fever)  that  encodes  a  197-kDa  protein,  immunologically  related  to  the  155-kDa 
protein  of  R.  nckettsii.  is  being  cloned  by  S.  Vishwanath.  The  gene  encoding 
another  R.  nckettsii  protein  (120  kDa)  was  cloned  by  McDonald  and  N.  Joste  (summer 
student)  and  is  being  sequenced  by  B.  Gilmore.  This  protein  is  the  antigenic  target 
for  a  passively-protective  monoclonal  antibody,  has  been  implicated  as  a  virulence 
factor  for  spotted  fever  nckettsiae,  and  its  recombinant  form  will  be  evaluated  as  a 
potential  vaccine.  The  roles  of  these  proteins  as  determiners  of  rickettsial  virulence 
will  be  evaluated  in  selected  spotted  fever  group  rickettsia  that  display  relevant 
differences  from  R.  rickettsii 

Coxiella  burnetii:  The  causative  agent  of  Q-fever,  C.  burnetii,  was  studied  in  efforts 
to  define  its  propensity  to  incite  chronic  endocarditis.  T.  Hackstadt,  S.  Vishwanath, 
and  A.  Moos  attempted  to  establish  an  animal  model  of  chronic  endocarditis  with 
C.  burnetii  without  success.  Hackstadt  and  Vishwanath  showed  that  this  organism's 
susceptibility  to  killing  by  normal  human  senjm  correlates  with  structure  of  its 
lipopolysacchande  (LPS);  phase  I  C.  burnetii  with  smooth  LPS  were  refractory  to 
serum  killing  while  phase  II,  rough  LPS  organisms  were  susceptible.  Interactions  of 
anti-protein  antibodies  with  their  antigenic  targets  on  intact  C.  burnetii  were 
diminished  if  the  organisms  bear  smooth  LPS. 

Immunoglobulin  biology:  S.  Pincus  has  developed  an  immunotoxic  conjugate  of  ricin 
A  chain  and  an  anti-HIV  (gp  120)  monoclonal  antibody  in  collaboration  with 
B.  Chesebro      (LPVD).  This      immunotoxin      specifically      lyses      tissue      culture      cells 

infected  with  HIV  in  vitro;  it  also  appears  to  block  infectivity  of  any  HIV  emanating 
from  the  target  cell.  Pincus  and  C.  Horqan  have  initiated  studies  aimed  at  con- 
structing immunoglobulin  molecules  that  have  desired  specificities,  are  immuno- 
logically compatible  with  human  use,  and  have  enhanced  Fc-mediated  functions. 
Pincus  is  also  exploring  the  optimization  of  monoclonal  antibody  structure  for  human 
use  against  group  B  streptococcal  meningitis. 

Francisella  tularensis:  F.  Nano  studied  outer  membrane  proteins  of  Francisella 
tularensis  to  define  their  immunogenicities  and  to  clone  their  respective  genes.  One 
of  these,  FopA,  was  cloned  and  is  an  immunogen  that  is  recognized  in  infections  by 
this  organism. 
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Neisseria  gonorrhoeae:  Studies  on  gonococci  concentrated  on  the  expression  and 
genetic  control  of  outer  membrane  protein  II.  When  predominantly  protein  11" 
gonococci  are  intraurethrally  instilled  into  male  volunteers,  virtually  all  of  the 
organisms  shed  by  these  experimentally-infected  males  were  protein  ll"*"  (J.  Swanson). 
Although  the  infecting  strain  of  gonococci  possesses  a  repertoire  of  at  least  nine 
different  protein  II  species,  one  particular  protein  II''"  variant  (P.llc"'")  dominated  early 
in  the  urethral  infections  of  three  men.  Five  different  protein  11  species  were 
produced  by  gonococci  later  in  one  man's  infectious  course.  Eight  different  genes 
that  encode  protein  II  species  in  a  single  strain  were  cloned  and  several  were 
sequenced  by  P.  van  der  Lev.  Three  distinct  genes  encode  an  identical  protein  II  in 
this  strain;  but  this  particular  protein  11  is  expressed  no  more  frequently  than 
others  that  are  encoded  by  a  single  chromosomal  gene.  Expression  of  each  protein  II 
species  is  switched  when  its  OFF,  "out  of  frame"  gene  undergoes  apparent  gain  or 
loss  of  nucleotide  pentamers  (CTTCT)  to  effect  a  frameshift-mutation;  the  tran- 
scription initiation  site  and  the  mature  protein  ll-encoding  sequences  are  brought 
"in  frame"  and  the  gene  is  ON.  This  novel  mechanism  for  genetic  control  is  being 
explored  by  B.  Beliand  who  inserted  TnPhoA  elements  into  recombinant  protein  II 
genes  so  that  ON-OFF  switching  could  be  easily  visualized.  The  apparent  addition 
and  deletion  mutations  that  switch  protein  II  genes  ON-OFF  are  independent  of 
recombination  in  both  E.  coli  and  N.  gonorrhoeae.  Beliand  and  van  der  Lev 
demonstrated  that  a  recombinant-encoded  protein  II  is  exposed  on  E.  coli  much  the 
same  as  in  N.  gonorrhoeae. 


ADMINISTRATIVE  REPORT 

Personnel  changes  during  the  past  year  include  arrival  of  four  Senior  Staff  Fellows 
(Rick  Morrison,  LPVD,  RML;  Kolari  Bhat,  Univ.  Pennsylvania;  Paul  Policastro,  Scripps 
Institute;  Patty  Rosa,  Medical  Biology  Inst.  La  Jolla),  three  IRTA  Fellows  (Stuart 
Hill  from  Univ.  Montana,  Bob  Gilmore  and  Scott  Manning,  both  from  Oregon  State 
Univ.),  and  one  Visiting  Fellow  (Yuan  Ying,  Beijing  Inst,  of  Ophthalmology).  Leaving 
LMSF  were  Senior  Staff  Fellows  Fran  Nano  (to  Univ.  Victoria,  B.C.),  Ted  Hackstadt 
(to  Univ.  Texas  Med.  Center,  Galveston),  Wolfgang  Baehr  (to  Baylor  Univ.),  Visiting 
Fellow  Peter  van  der  Ley  (to  Nat'l.  Inst.  Public  Health  &  Env.  Hygiene,  Bilthoven, 
The  Netherlands),  Staff  Fellow  Abbie  Moos,  and  Guest  Researcher  Theresa  Joseph. 
Changes  in  technical  staff  including  departure  of  Ken  Robbins  and  Theresa  Brown  (to 
CDC)  and  the  arrival  of  Sandra  Mom'son.  Summer  students  in  LMSF  included 
Michael  Jasemback,  Mike  Johnson,  and  Kathy  Wells  from  Carroll  College  and  Nancy 
Joste  from  Univ.  New  Mexico  College  of  Medicine.  Seminars  were  given  by  a  number 
of  visiting  scientists,  including  the  following:  J.W.  Almond  (Univ.  Reading,  U.K.), 
David  Stewart  (CSIRO,  Australia).  Tom  Silhavy  (Princeton),  and  Martin  Lavin  (Univ. 
Queensland,  Australia).  In  addition,  a  number  of  potential  LMSF  staff  members 
visited  RML  and  delivered  seminars:  W.  Barry  (ILRAD,  Kenya),  J.  Rader  (No. 
Carolina  St.  Univ.),  D.  Portnoy  (Washington  U.),  R.  Monk  (Alton  Jones  Cell  Center), 
J.  Kiehlbauch  (Univ.  Washington),  C.  Roessner  (Texas  A&M),  K.  Takeuchi  (Roswell 
Park),  R.  Rubin  (Biotechnica  Inc.),  D.  Glick  (Seattle  Biomed.  Res.  Inst.),  and  C.  Elkins 
(Hahnemann  Univ.). 
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HONORS  AND  AWARDS 

Journal  Editorial  Boards: 

J.  Swanson  -  Infection  and  Immunity 

Manuscnpts  were  reviewed  by  LMSF  staff  for  the  following  journals:  Canadian 
Joumal  of  Microbiology,  Cell.  Infection  and  Immunity,  Journal  of  Bactenology, 
Journal  of  Biological  Chemistry,  Joumal  of  Clinical  Investigation,  Journal  of  Clinical 
Microbiology,  Joumal  of  General  Microbiology,  Journal  of  Immunology,  Journal  of 
Infectious  Diseases,  Journal  of  Rheumatology,  Microbial  Pathogenesis,  Proceedings  of 
the  National  Academy  of  Sciences  USA,  Science,  and  Sexually  Transmitted  Diseases. 

Professional  Posts: 

O.  Barrera  -  Promotion  Advisory  Committee,  NIAID 

H.  Caldwell  -  Ad  Hoc  Member,  Microbiology  and  Infectious  Diseases  Research  Committee, 
NIAID 
Faculty  Affiliate,  Department  of  Microbiology,  University  of  Montana, 

Missoula,  MT 

Invited  Lectures  and  Participation  in  Meetings  and  Symposia: 

J.  Swanson  -  STD  retreat.  University  of  California,  San  Francisco,  CA 

Thomas  Alva  Edison  Foundation's  1988  Montana  Science  Institute,  "Science 

and  Technology:  Road  Map  to  our  Future,"  Bozeman,  MT 
Third  Shipley  Symposium,  Harvard  Medical  School,  Boston,  MA 

H.  Caldwell  ■  Amencan  Society  for  Microbiology,  Miami,  FL 

Federation  of  American  Societies  for  Experimental  Biology,  Las  Vegas,  NV 

T.  Joseph  -  Federation  of  American  Societies  for  Experimental  Biology,  Las  Vegas,  NV 

G.  McDonald  -  University  of  Tennessee,  Memphis,  TN 

Session  moderator  and  participant,  American  Society  for  Rickettsiology  and 
Rickettsial  Diseases,  Santa  Fe,  NM 

R.  Morrison  -  Federation  of  American  Societies  for  Experimental  Biology,  Las  Vegas,  NV 

F.  Nano  -  University  of  Victoria,  Victoria,  BC,  CANADA 

University  of  Alberta,  Edmonton,  Alberta,  CANADA 
University  of  Idaho,  Moscow,  ID 
Boehnnger-Mannheim  Biochemicals,  Indianapolis,  IN 
Medical  College  of  Ohio,  Toledo,  OH 
University  of  Wisconsin,  Madison,  Wl 

S.  Pincus  -  Arthritis  Foundation  Scientific  Meeting,  Jacksonville,  FL 

H.  Su  •  American  Society  for  Microbiology.  Miami.  FL 

N.  Watkins  -  Federation  of  American  Societies  for  Experimental  Biology,  Las  Vegas,  NV 

Y.  Zhang  -  American  Society  for  Microbiology,  Miami.  FL 
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Other  Activities: 

H.  Caldwell  -  Reviewed  research  grants  for  Medical  Research  Council,  Canada,  National 
Science  Foundation,  Washington,  DC,  and  The  Edna  McConnell  Clark 
Foundation,  New  York,  NY 

S.  Pincus  -  Reviewed  research  grants  for  Arthritis  Foundation. 

J.  Swanson  -  Reviewed  research  grants  for  National  Science  Foundation,  Washington,  DC 
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Summary  of  work  ius»  sitnatra  anrtoucta  ryp*  Do  not  txctaa  int  so*ct  pnmoao ) 

The  surface  components  of  gonococci  (Gc)  dictate  this  bacterium's  pathogenic 
personality.  Pill  are  thought  to  initiate  and  maintain  adherence  of  Gc  to  a  host 
mucosae,     thereby     promoting     colonization     and     infection.  This     is     correlated     with 

virulence  of  pilus"^  and  avirulence  of  pilus"  Gc  in  human  volunteers.  Previous  work 
from  this  laboratory  focused  on  stnjctural  variation  among  pill  elaborated  by  Gc 
recovered  from  experimental  human  infections,  both  in  terms  of  their  antigenic 
diversity  and  the  mechanisms  responsible  for  such  changes.  Current  work  is  directed 
toward  illuminating  similar  questions  about  another  set  of  Gc  surface  components-- 
the  outer  membrane  protein  II  (P. II)  family.  When  expressed,  each  P. II  is  a  major 
component  of  the  outer  membrane,  but  production  of  these  polypeptides  has  no 
known  consequences  for  Gc  cultivated  in  vitro.  Expenments  during  the  past  year 
have  concentrated  on  expression  of  Gc  recovered  from  males  that  were  experi- 
mentally infected  with  P. IT  organisms.  These  input  P. 11"  Gc  were  quickly  replaced 
by  P.ll*  variants,  and  from  this  strain's  repertoire  of  12+  P. II  species,  Pile  was 
dominant  among  reisolated  organisms.  In  addition  to  this  survey  of  P. II  expression 
by  infecting  Gc,  studies  were  conducted  on  the  genetic  control  of  these  outer  mem- 
brane polypeptides.  Several  P. II  genes  were  cloned  from  a  single  strain  and  were 
then  sequenced.  In  vitro  mutagenesis  was  used  to  determine  the  mechanism  by  which 
P. II  genes  that  are  "out-of-frame"  display  low  level  expression  in  E.  coli.  Cloned 
P. II  genes  into  which  TnphoA  has  been  inserted  as  reporter  molecules  were  con- 
structed to  examine  the  processing  and  transport  of  protein  II  to  the  Gc  outer 
membrane. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

The  immediate  goals  of  this  project  are  to  define  and  molecularly  characterize 
chlamydial  surface  components  that  are  virulence  determinants  or  antigens  of 
importance  in  the  hosts  immune  response  to  chlamydial  infection.  The  long-term 
objectives  are  to:  (i)  understand  how  chlamydiae  interact  with  and  infect  eukaryotic 
cells,  (ii)  define  pathogenetic  mechanisms  of  chlamydial  disease,  (iii)  identify  target 
antigens  for  development  of  a  recombinant  vaccine  to  prevent  and/or  control 
chlamydial  diseases  in  humans.  We  have  previously  shown  that  the  immune  response 
to  chlamydial  infection  has  both  protective  and  deleterious  components.  The  antigens 
associated  with  these  responses  are  distinct.  The  protective  antigen  is  the  major 
outer  membrane  protein  (MOMP)  and  the  deleterious  antigen  is  a  57-kDa  protein. 
The  MOMP  genes  from  several  C.  trachomatis  serovars  have  been  cloned  and 
sequenced.  Serotype,  serogroup,  and  species-specific  epitopes  have  been  located  on 
MOMP  with  a  panel  of  protective  monoclonal  antibodies  (MAbs).  Sequence  analysis 
showed  the  MOMP  genes  encode  proteins  with  highly  conserved  regions  interrupted 
symmetrically  by  four  short  variable  domains  (VD).  The  VPs  possess  contiguous 
antigenic  determinants  recognized  by  protective  MAbs.  Surface  proteolysis  of  intact 
chlamydiae  with  trypsin  selectively  cleaves  within  these  VPs  and  abolishes  attach- 
ment of  chlamydiae  to  HeLa  cells.  These  findings  implicate  MOMP  as  a  chlamydial 
adhesion  and  suggest  that  the  contiguous  sequences  within  these  VPs  are  potential 
vaccine  candidate  antigens.  Current  studies  are  directed  at  identification  of  MOMP 
T-cell  determinants  and  the  construction  of  live  enteric  vaccine  vectors  expressing 
co-linear  protective  MOMP  B-cell  determinants  and  T-helper  cell  determinants  as 
antigenic  hybrid  proteins.  Protective  MOMP  sequences  are  being  cloned  and 
expressed  as  antigenic  hybrids  of  the  LamB  protein  in  S.  typhimurium  and  VP1  of  the 
Sabin  type  1  vaccine  strain.  The  immunogenicity  and  vaccine  efficacy  of  these 
infectious  recombinant  vectors  is  cun-ently  being  evaluated. 
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The  pathogenesis  of  Coxiella  burnetii  infections  was  studied  in  rabbits  and  in  vitro.  ' 
We  studied  (a)  the  pathogenesis  of  experimental  endocarditis,  (b)  the  effect  of  human  ' 
serum  complement  on  lipopolysaccharide  (LPS)  phase  variants  and  (c)  the  role  of  LPS ' 
in  phase  vanation.  ! 

A.  Endocarditis.  C.  burnetii  strains  from  acute  0  fever  and  from  endocarditis  ' 
patients  differ  m  LPS  stnjcture  and  in  their  ability  to  induce  fever  in  animals.  | 
Studies  using  a  rabbit  model  of  endocarditis  showed  no  differences  between  the 
abilities  of  the  Nine  Mile  strain  (typical  of  acute  Q  fever  strains)  and  the  Priscilla 
strain  (typical  of  endocarditis  strains)  to  colonize  catheter-induced  cardiac 
vegetations.  An  in  vitro  assay  showed  no  differences  between  these  strains  in  their 
abilities  to  adhere  to  fibrin-platelet  clots. 

B.  Senjm  complement-susceptibility.  The  rough  LPS  phase  variant  was  serum  sensi- 
tive, whereas  the  smooth  and  intermediate  LPS  phase  vanants  were  resistant.  The 
smooth  and  intermediate  phase  variants,  however,  differed  in  their  interactions  with 
the  complement  system,  suggesting  that  the  mechanisms  by  which  they  resisted 
complement-killing  were  different. 

C.  Role  of  LPS  in  phase  vanation.  The  smooth  LPS  on  native  phase  I  variants 
sterically  blocked  the  binding  of  antibodies  to  surface  proteins  shared  with  phase  II 
cells.  Although  any  of  these  surface-exposed  proteins  which  are  accessible  to 
antibodies  on  phase  II  cells  may  therefore  confer  apparent  phase  I!  serospecificity, 
these  studies  suggest  that  the  unique  phase  determinant  is  in  the  phase  II  LPS. 

The    significance    of    this  project    lies    in    defining    host    defence    mechanisms    controlling 

C.  burnetii    infections,     in  determining     whether     certain     strains     have     a     predilection     to 

cause  endocarditis,  and  m  developing  effective  antimicrobial  therapy  for  C.  burnetii 
endocarditis. 
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This  project  was  terminated. 
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We  are  interested  in  the  characterization  of  two  proteins  of  Rickettsia  nckettsii.  the 
etiological  agent  of  Rocky  Mountain  spotted  fever  (RMSF).  These  two  proteins  (120 
and  155  kDa)  are  immunogenic,  have  been  implicated  as  virulence  factors,  and  may  be 
subunit  vaccine  candidates.  We  cloned  the  gene  encoding  the  155-kDa  protein  and 
showed  that  immunization  with  Escherichia  coli  producing  this  protein  protected 
guinea  pigs  challenged  with  viable  R.  nckettsii  7  days  postvaccination.  These  studies 
were  extended  to  determine  whether  boosting  the  animals  7  days  after  the  first 
immunization  would  enhance  the  protection.  The  gene  encoding  a  197-kDa  protein  in 
R.  cononi,  the  cause  of  Boutonneuse  fever,  is  also  being  cloned;  this  protein  is  of 
interest  because  it  is  immunologically  related  to  the  155-kDa  protein  of  R.  nckettsii. 
We  also  cloned  the  R.  nckettsii  gene  encoding  the  120-kDa  and  successfully 
subcloned  a  portion  of  the  gene  into  bactenophage  lambda-gtl  1 .  E.  coli  strain 
Y1090,  made  lysogenic  for  the  recombinant  bactenophage  (lambda-NEJ120),  produced  a 
130-kDa  protein  that  reacted  by  immunoblotting  with  a  monospecific  polyclonal  serum 
raised  to  the  120-kDa  protein;  this  protein  was  shown  to  be  a  fusion  product  of  the 
120-kDa     rickettsial     protein     and     B-galactosidase.  The     3.7-kilobase      (kb)      insert     of 

Iambda-NEJ120  was  subcloned  into  the  plasmid  vector  pUCl9  to  yield  pGAMl20. 
portions  of  which  were  subcloned  into  Ml  3  vectors  for  DNA  sequencing.  The 
pGAMl20  insert  was  used  as  a  probe  to  screen  a  R.  nckettsii  (R  strain)  genomic 
library  made  m  lambda-EMBU  and  a  R.  nckettsii  (HLP  strain)  library  made  in 
pBR322;  the  HLP  strain  is  avirulent  m  guinea  pigs  and  is  also  thought  to  be  avirulent 
in  humans.  Positive  recombinants  were  obtained  from  both  libranes.  We  have  also 
continued  our  efforts  to  evaluate  the  use  of  monoclonal  antibodies  to  therapeutically 
treat  RMSF.  ^  ' 
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Corneal  opacity  and  vascularization  occurs  following  repeated  or  chronic  chlamydial 
ocular  infections  and  may  result  in  blindness.  The  mechanisms  resulting  in  corneal 
opacity  are  unknown  but  may  be  caused  by  hypersensitivity  to  chlamydial  com- 
ponents. To  study  corneal  involvement  during  chronic  chlamydial  infections,  we  have 
developed  an  animal  model  using  guinea  pigs  treated  topically  with  penicillin  during 
infection  with  C.  psittaci  strain  GPIC.  Corneal  opacity  and  vascularization  occurs 
only  in  animals  simultaneously  infected  with  GPIC  agent  and  treated  with  penicillin. 
Opacity  resolves  with  clearance  of  GPIC  agent  from  the  conjunctivae;  however,  the 
cornea  sustains  permanent  damage  as  evidenced  by  vascularization  and  scarring 
observed  months  after  resolution  of  opacity.  This  animal  model  will  be  useful  to 
study  the  role  of  chlamydiae  and  chlamydial  components  in  the  development  of 
corneal  damage  during  chlamydial  infections.  C.  psittaci  strain  GPIC  can  infect  the 
genital  tract  in  addition  to  the  conjunctiva.  We  have  utilized  this  model  to 
determine  if  hypersensitivity  to  chlamydiae  occurs  in  the  oviduct  and  uterus  of 
guinea  pigs  recovered  from  a  previous  vaginal  infection.  The  uteri  and  oviducts  of 
these  animals  develop  significant  inflammation  following  inoculation  of  an  extract  of 
C.  psittaci  strain  GPIC.  This  inflammation  needs  to  be  further  characterized  to 
determine  whether  it  is  characteristic  of  delayed  hypersensitivity  or  of  cellular 
toxicity. 
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Dunng  the  past  year.  I  took  the  first  steps  in  developing  Francisella  tularensis 
into  a  useful  model  of  bactenal  pathogenesis.  I  attempted  to  introduce  exogenous 
DNA  into  Francisella  using  a  vanety  of  methods,  and  succeeded  by  transforming 
recombinant      clones      containing      transposon      insertions.  The      recombinant      clones 

apparently  integrated  into  the  chromosome,  thus  prepanng  the  way  for  gene 
replacement  studies.  I  have  also  cloned  the  genes  encoding  five  presumptive  outer 
membrane  proteins.  One  of  the  clones  expresses  a  heat  and  2-mercaptoethanol 
modifiable  protein.  This  protein.  FopA,  is  one  of  the  major  immunogens  seen  in 
Francisella  infections. 


Dr.  Nano  has  moved,  therefore  this  project  is  terminated. 
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The  goal  of  this  work  is  to  understand  the  structure  and  function  of  the  immuno- 
globulin molecule.  The  work  is  being  performed  so  that  this  understanding  will  be 
applied  to  the  development  of  antibodies  for  human  therapy. 

A.  Therapeutic  Systems.  1.  Antibodies  to  surface  antigens  of  group-B  strepto- 
cocci have  been  demonstrated  to  have  protective  efficacy  in  a  model  of  neonatal 
sepsis.  We  are  now  examining  the  pharmacologic  characteristics  of  these  antibodies 
in  neonatal  animals  including:  body  distribution,  long-term  persistence,  dose  and 
appropriate  mixtures  of  different  monoclonals  to  protect  against  all  serotypes  of 
group-B  streptococci.  2.  The  in  vitro  efficacy  of  anti-HIV  envelope  (gp  120)  mono- 
clonal antibodies  has  been  tested.  Combinations  of  antibody,  complement,  and  leuko- 
cyte populations  are  only  marginally  effective  in  inducing  lysis  of  '  HIV-infected 
targets.  Antibody  coupled  to  ricin  A-chain  is  highly  lethal  to  infected  targets  while 
spanng  uninfected  cells.  This  immunotoxin  also  blocks  infectivity  of  the  targeted 
cell.  We  are  beginning  in  vivo  studies  to  test  the  efficacy  of  antibody  based 
therapies  of  AIDS. 

B.  Genetically  Engineered  Antibodies.  Vectors  have  been  prepared  carrying 
human  mu,  gamma-1 .  and  gamma-4  constant  region  genes  in  an  enhancer  containing 
expression  vector  Variable  region  genes  from  anti-(T.G)-A-L  antibodies  have  been 
inserted.  DNA  has  been  transfected  into  cell  lines  by  eiectroporation  and  expressed 
as  functional  antibody.  Variant  hinge  region  genes  are  being  constmcted.  These 
will  be  used  to  study  the  role  of  the  antibody  hinge  in  Fc-mediated  effector 
function. 

C.  Idiotypy.  The  idiotypic  network  induced  in  C57BU10  mice  by  immunization 
with  the  synthetic  polypeptide  (Tyr,  Glu)-Ala-Lys  is  being  explored.  Monoclonal 
antibodies  representing  antibody  1  (ab  1).  ab  2.  and  ab  3  have  been  made  and 
sequences  obtained.  Transgenic  mice  that  over-express  the  ab  1  heavy  chain  have 
been  bred.  The  effect  of  this  over-expression  on  the  network  is  being  studied. 
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The  major  outer  membrane  protein  (MOMP)  of  Chlamydia  trachomatis  has  been 
identified  as  a  possible  immunogen  for  vaccine  development.  The  objectives  of  thisi 
project  are  to  identify  amino  acid  sequences  of  MOMP  which  are  surface  accessible 
to  immunoglobulins  and  to  determine  if  these  sequences  are  immunodominant  during: 
infection.  Peptides  containing  sequences  of  the  four  variable  domains  (VDI,  VDII. 
VDIII,  and  VDIV)  have  been  synthesized.  These  peptides  have  been  used  to  define: 
the  epitope  binding  site  of  MAbs  to  MOMP.  in  particular,  of  MAbs  which  are  known 
to  passively  protect  against  infection  in  the  monkey  eye  or  in  the  mouse  toxicityi 
test.  The  antibody  response  during  infection  to  the  VDs  of  C.  psittaci  strain  GPICt 
will  be  tested  using  synthetic  peptides  of  all  four  VDs  of  GPIC  and  testing  sera  andl 
tears  from  infected  and  immune  guinea  pigs.  Polyclonal  rabbit  antisera  is  beingj 
raised  to  VDIII  of  A.  E.  and  L2  MOMP  to  detemiine  if  this  VD  is  surface  accessible! 
and  to  examine  the  homology  of  VDIII  among  serovars.  Trypsin  cleavage  of  MOMP' 
at  the  surface  of  viable  EBs  results  in  loss  of  binding  of  EBs  to  HeLa  229  cells.  Loss! 
of  binding  occurs  only  when  B  MOMP  is  cleaved  in  both  VDII  and  VDIV.  suggesting] 
a  role  for  MOMP  in  interactions  of  chlamydiae  with  host  cells.  Synthetic  peptidesj 
corresponding  to  VDII  and  VDIV  of  B  and  L2  serovars  have  been  synthesized  and  will 
be  used  to  determine  their  role  in  binding  of  chlamydiae  to  HeLa  229  cells. 
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Ocular  infection  of  guinea  pigs  with  C.  psittaci  strain  GPIC  causes  a  self-limiting 
conjunctivitis  similar  to  that  observed  during  primary  ocular  infections  of  humans 
infected  with  C.  trachomatis.  We  have  used  a  guinea  pig  model  to  study  the 
immunological  responses  elicited  by  an  ocular  chlamydial  infection.  The  transient 
protective  immunity  that  develops  after  primary  infection  is  thought  to  be  mediated 
by  local  antibody.  We  have  begun  to  analyze  tears  and  serum  for  antibodies  directed 
at  particular  chlamydial  antigens.  This  may  allow  us  to  correlate  antibody  response 
to  a  particular  antigen  and  protection.  Preliminary  data  indicate  that  immune  sera 
contain  antibodies  reactive  to  many  chlamydial  antigens,  whereas  antibodies  found  in 
immune  tears  react  primarily  with  proteins  having  molecular  weights  of  92  kDa, 
84  kDa.  57  kDa,  and  MOMP.  lgG2  was  found  to  be  the  predominant  isotype  of 
chlamydial-specific  serum  antibodies,  whereas  tears  contained  approximately  equal 
titers  of  IgA  and  IgGo. 

An  importanf  sequelae  of  repeated  or  recurrent  chlamydial  infections  is  chronic 
inflammation,  which  leads  to  irreversible  tissue  damage.  We  have  identified  and 
purified  a  57-kDa  genus-specific  chlamydial  antigen  that  elicits  an  ocular  delayed 
hypersensitivity  response  in  immune  guinea  pigs.  Furthermore,  when  cells  per- 
sistently infected  with  Chlamydia  are  maintained  in  vitro,  this  antigen  is  released 
into  the  medium.  The  delayed  hypersensitivity  response  elicited  by  antigen  purified 
from  culture  supernatants  of  persistently  infected  cells  is  indistinguishable  from  that 
elicited  by  antigen  purified  from  chlamydial  EBs.  The  57-kDa  chlamydial  protein  is  a 
potent  stimulator  of  ocular  delayed  hypersensitivity  and  may  contribute  to  the 
chronic  inflammation  that  is  observed  in  human  chlamydial  disease. 
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ANNUAL  REPORT 

LABORATORY  OF  PATHOBIOLOGY 

ROCKY  MOUNTAIN  LABORATORIES 

HAMILTON,  MONTANA 

NATIONAL  INSTITUTES  OF  ALLERGY  AND  INFECTIOUS  DISEASES 

OCTOBER  1,  1987,  TO  SEPTEMBER  30,  1988 

Members  of  the  Laboratory  of  Pathobiology  bring  a  broad  range  of  skills 
and  experience  to  bear  in  their  research.   Modern  techniques  of  molecular 
biology  are  used  in  several  medically  important  systems  to  characterize 
critical  aspects  of  host-pathogen  interaction.   Significant  progress  has 
been  made  this  past  year  in  first  defining  and  then  exploiting  features 
of  these  systems  which  might  result  in  improved  diagnosis  and/or  treat- 
ment.  Basic  information  on  pathogenesis  is  accumulating  as  well.   The 
broad  interaction  among  members  of  the  laboratory  coupled  with  a  strong 
guest  researcher  program  insures  that  the  best  experimental  approaches 
are  incorporated  effectively  into  the  programs  of  the  laboratory.   The 
Laboratory  of  Pathobiology  functions  in  four  major  experimental  groups 
emphasizing  two  human  pathogens  -  Bordetella  pertussis  and  Borrelia 
burgdorferi.   Dr.  Claude  Garon  serves  as  Laboratory  Chief. 

The  Molecular  Pathobiology  Section  under  the  direction  of  Dr.  Jerry  Keith 
has  continued  to  focus  on  the  molecular  cloning  and  expression  of  genes 
involved  in  the  production  of  the  toxic  components  of  Bordetella  pertus- 
sis.  The  SI  subunit  of  pertussis  toxin  is  an  enzymatically  active 
protein  that  catalyzes  the  transfer  of  ADP-ribose  from  NAD  to  guanine 
nucleotide  regulatory  proteins  in  eukaryotic  cell  membranes.   The  gene 
encoding  the  SI  subunit,  as  well  as  several  truncated  versions,  has  been 
expressed  in  Escherichia  coli  using  vectors  containing  the  transcription- 
al and  translational  control  elements  of  the  lac  operon.   By  employing 
these  recombinant  SI  subunit  constructs,  the  structure  and  function 
relationship  between  pertussis  toxin,  pathogeneses,  and  immunoprotection 
have  been  assessed.   Using  the  results  of  these  studies  as  a  basis  for 
further  research,  a  region  of  the  SI  subunit  has  been  identified  that  is 
required  for  enzymatic  activity  and  that  contributes  to  the  formation  of 
a  neutralizing  antigenic  determinant.   The  gene  encoding  the  SI  subunit 
was  modified  in  this  critical  region  by  site-specific  mutagenesis.   One 
of  the  mutants  in  which  a  single  amino  acid  substitution  was  engineered 
into  the  SI  subunit  had  no  enzymatic  activity  but  retains  the  protective 
epitope.  The  genetic  changes  responsible  for  the  loss  of  enzymatic 
activity  are  now  being  engineered  into  the  chromosome  of  B^.  pertussis  to 
develop  a  new  strain  of  the  bacteria  which  will  produce  a  genetically 
detoxified  pertussis  toxin.   This  modified  toxin  has  important  potential 
for  use  as  a  component  of  an  improved  acellular  vaccine  against  whooping 
cough.   In  initial  experiments,  immunization  with  recombinant  pertussis 
toxin  subunits  Si  and  52  produced  in  E.    coli  did  not  yield  protection 
which  was  greater  than  that  provided  by  the  vehicle  alone.   However, 
following  inclusion  of  active  toxin  in  the  protocol,  immunoprotection  by 
SI  and  S2  reached  70%  of  the  level  provided  by  the  whole  cell  vaccine 
which  served  as  a  positive  control.   Deletion  and  substitution  mutants  of 
the  SI  subunit  are  currently  being  tested  to  identify  the  epitopes 
associated  with  protection  from  lethal  challenge.   In  addition,  SI  based 
peptides  are  being  synthesized  to  test  their  protective  potential. 
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Lyme  disease  is  now  che  mosc  conunon  archropod-bori.e  liisease  in  the  United 
Scaces.   While  originally  choughc  co  be  confined  Co  limited  areas,  the 
disease  has  now  been  found  in  at  least  32  states  and  6  continents. 
Members  of  the  laboratory  have  made  a  major  commitment  to  an  improvement 
in  diagnositc  reagents  and  to  an  understanding  (in  molecular  terms)  of 
how  this  pathogen  produces  its  long  list  of  clinical  features.   The 
Arthropod-borne  Diseases  Section  under  the  direction  of  Dr.  Tom  Schwan 
has  concentrated  on  this  and  other  vector-borne  pathogens.   Recently  this 
section  has  demonstrated  that  continuous  cultivation  of  che  L>Tne  disease 
spirochete  in  modified  Kelly's  medium  causes  a  reduction  in  the  number  of 
detectable  plasmids  and  the  loss  of  infectivicy  in  the  white-footed 
mouse.   In  an  unpassaged  culture  of  Borrelia  burgdorferi,  nine  plasmids 
were  present,  including  seven  linear  plasmids  ranging  in  size  from  49  to 
16  Icilobases  (kb)  and  two  circular  plasmids  of  27  and  7.6  kb .   The  7.6  kb 
circular  and  22  kb  linear  plasmids  were  no  longer  detectable  in  spiro- 
chetes noninfective  in  white-footed  mice,  suggesting  chac  gene(s)  encod- 
ing for  faccors  responsible  for  infeccion  may  be  presenc  on  one  or  more 
of  chese  excrachromosomal  elemencs.   Furchermore,  changes  in  spirochecal 
proceins  and  lipopolysaccharide-like  macerial  were  observed  also  during 
early  culcivacion  and  may  be  relaced  co  loss  of  infectivicy.   The  7.6  kb 
circular  plasmid  presenc  in  several  low  passage  strains  of  B^.  burgdorferi 
has  been  Idencified  as  a  strong  candidate  for  both  regulating  infeccion 
and  as  a  marker  for  pocencially  infeccious  scrains.   This  plasmid  has 
been  purified  and  rescriccion  fragmencs  of  approximacely  200  and  500  base 
pairs  have  been  cloned,  and  are  being  cesced  as  DNA  hybridizacion  probes. 

Also  parcicipacing  in  research  on  che  molecular  biology  of  che  Lyme 
disease  spirochece  is  che  Pachobiology  Section  under  the  direction  of  Dr. 
Claude  Garon.   Earlier  descriptions  of  covalently  closed, 
double-stranded,  linear  plasmids  in  Borrelia  burgdorferi  by  members  of 
chis  laboracory  has  led  co  a  more  careful  analysis  of  several  low  passage 
scrains  by  agarose  gel  eleccrophoresis  and  by  nucleic  acid  eleccron 
microscopy.   The  plasmid  pool  of  one  isolace  concained  nearly  200  kb  of 
unique  DNA  sequences  including  both  linear  (5.4,  19.5,  21.5,  31,  36,  and 
53  kb)  and  circular  (26  kb)  molecules.   Since  accurate  size  decerminacion 
by  agarose  gel  eleccrophoresis  is  not  possible  with  an  undefined  mixture 
of  linear  and  circular  plasmids,  a  new  method  was  developed  to  identify 
molecular  form  in  these  samples  wichouc  band  purificacion  or  eleccron 
microscopy.   While  all  of  che  linear  species  rapidly  reannealed  Co  linear 
duplexes  afcer  alkaline  denaturation,  single-stranded  circular  molecules 
measuring  twice  the  length  of  che  linears  could  be  produced  by  creacmenc 
wich  mechyl  mercury,  glyoxal  and  urea  prior  Co  mouncing  for  microscopy. 
BoCh  circle  formacion  and  rapid  reanneaiing  could  be  prevenced  by  pre- 
treatmenc  wich  single-scrand  specific  nucleases.   Molecules  could  chen  be 
compared  by  heceroduplex  analysis.   One  of  che  linear  plasmids,  in 
addicion  co  ics  covalently  closed  structure,  appeared  to  possess  a  unique 
inverted  redundancy  of  2.3  kb  located  near  the  molecular  termini.   Two 
prominent  stem-loop  scrucCures  possibly  suggescing  Cransposable  elemencs 
were  dececced  as  well.   EleccroporaCion  experimencs  have  demonscraced  che 
feasibility  of  developing  a  genetic  transfer  system  in  B.    burgdorferi. 
Studies  on  the  replication  of  these  linear  plasmids,  wich  cheir  cerminal 
hairpin  scruccures  (which  may  resemble  telomeres  of  eukaryotic  chromo- 
somes) are  underway  as  well. 
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The  Immunopathology  Section,  with  Dr.  John  Munoz  as  Acting  Head,  has 
continued  during  this  past  year  to  characterize  the  immunopotentidting 
action  of  small  quantities  of  crystalline  pertussis  toxin  (Ptx) .   These 
studies  have  acquired  added  importance  given  the  role  of  Ptx  in  boosting 
protective  antibody  response.   Ptx  increased  strikingly  the  protective 
action  of  vaccines  made  from  Bordetella  pertussis  strains  lacking  Ptx,  or 
from  strains  in  which  a  genetically  modified  gene  for  the  SI  subunit  of 
Ptx  was  present.   Ptx  also  enhanced  the  protective  activity  of  vaccines 
made  from  B^.  parapertussis  and  B^.  bronchiseptica ,  but  had  little  effect 
on  vaccines  made  from  wild-type  strains  of  B^.  pertussis  known  to  produce 
Ptx.   The  antibody  response  to  surface  antigens  of  Bordetella  was  also 
studied.   It  was  shown  that  the  antibodies  of  the  IgG  class  are  increased 
with  all  the  vaccines  used,  the  IgM  is  only  slightly  increased,  and  the 
IgA  class  is  not  increased.   However,  the  IgE  class  of  antibodies  was 
noticeably  increased  in  vaccines  containing  Ptx  or  when  Ptx  was  included 
in  the  immunization  with  vaccines  lacking  Ptx.   It  was  previously  shown 
that  any  modification  of  the  gene  responsible  for  the  production  of  the 
SI  subunit  of  Ptx,  made  the  B^.  pertussis  cells  ineffective  in  all  the 
immunopotentiating  actions  found  in  vaccines  made  from  wild-type  strains 
containing  the  intact  toxin  gene.   These  observations  have  been  extended 
to  vaccines  made  with  B^.  parapertussis  into  which  unmodified  Ptx  genes, 
or  genes  modified  in  the  SI  region  or  other  subunits  had  been  introduced. 
Vaccines  made  from  B^.  parapertussis  with  the  intact  gene  had  all  the 
immunopotentiating  activities  of  the  wild-type  B^.  pertussis,  including 
the  induction  of  protection  against  intracerebral  (IC)  challenge.   B. 
parapertussis  mutants  containing  a  modified  SI  gene  or  a  gene  lacking  SI 
did  not  have  any  of  the  immunomodulating  activities  of  wild-type  B^. 
pertussis  cells.   The  activities  measured  were:   histamine  sensitization, 
leukocytosis  promotion,  enhancement  of  anaphylaxis,  enhancement  of  IgE 
production,  increase  in  the  percentage  of  IgE  containing  cells  in  the 
spleen  and  the  ability  to  protect  mice  from  IC  challenge'  with  virulent  B^. 
pertussis.   Vaccines  made  from  B.  pertussis  strains  that  do  not  have  an 
intact  Ptx  gene,  when  given  alone,  stimulate  only  weak  protection  of  mice 
against  B^.  pertussis.   However,  when  in  addition  20-100  ng  of  Ptx  are 
given,  these  vaccines  become  as  efficient  in  protecting  mice  as  vaccines 
made  from  wild-type  B.  pertussis.   Vaccines  made  from  B^.  parapertussis 
strains  are  only  weakly  protective  against  IC  challenge  with  B^.  pertus- 
sis, however,  strains  into  which  the  Ptx  gene  had  been  introduced  became 
highly  effective  in  inducing  protection.   As  in  the  case  of  B^.  pertussis 
strains,  the  B^.  parapertussis  strains  containing  a  Ptx  gene  in  which  the 
SI  gene  had  been  modified  were  not  any  more  protective  than  the  carrier 
strain  of  B^.  parapertussis.   If,  in  addition  to  these  weakly  protective 
vaccines,  Ptx  was  given,  the  vaccines  became  highly  effective. 
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ADMINISTRATIVE 

Dr.  Claude  Garon  was  appointed  Chief  of  the  Laboratory  of  Pachobiology 
during  the  year.   Dr.  Willy  Burgdorfer,  Scientist  Emeritus,  has  continued 
to  provide  valuable  support  for  the  Arthropod-borne  Diseases  Section. 

Guest  Researchers  in  the  Laboratory  of  Pathoblology  have  included:   Dr. 
Stanley  Falkow  (Stanford  University  School  of  Medicine) ,  and  Kirsten 
Vadheim  (Montana  State  University).   Joining  the  laboratory  were:   Dr. 
Stephanie  Czub  (Free  University  of  Berlin)  as  a  Visiting  Fellow;  Dr. 
Warren  Simpson  (University  of  Minnesota)  as  a  Visiting  Associate;  and  Dr. 
David  Dorward  (University  of  Montana)  as  a  Staff  Fellow. 

Visitors/Collaborators  who  spent  varying  amounts  of  time  in  the  laborato- 
ry during  the  past  year  included:   Dr.  Tracy  Heimberger  (Richmond,  VA) ; 
Dr.  Mark  Peppier  (Calgary  University,  Calgary,  Alberta,  Canada);  Dr. 
Robert  Quackenbush  (NIH) ;  Dr.  Vince  Marshall  (Council  Bluff,  lA) ;  Dr. 
Andrea  Dlesk  (Marshfield  Clinic,  WI) ;  Dr.  J.  E.  Ricketts  (Huntington, 
WV) ;  Dr.  Durland  Fish  (New  York  Medical  College,  Valhalla,  NT);  Dr.  Marie 
Bloch  (Merieux,  Lyon,  France);  Dr.  Brenda  Spangler  (Argonne  National 
Laboratories,  Argonne,  IL) ;  Dr.  Paul  Lavoie  (San  Francisco,  CA) ;  Dr. 
Pierre  Lallouette  (Paris,  France  and  Salk  Institute);  Dr.  Tom  Quan 
(Centers  for  Disease  Control,  Fort  Collins,  CO);  Dr.  Lucy  Tompkins 
(Stanford  University,  San  Francisco,  CA) ;  Dr.  Al  Jesaitis  (Scripps 
Institute,  San  Diego,  CA) ;  Dr.  Melanie  Spriggs  (LID,  NIH);  Dr.  Martin 
Rodbell  (NIEHS,  NIH);  Dr.  Drucilla  Burns  (FDA);  Drs.  Hiroko  and  Yuji 
Sato,  NIH,  Tokyo,  Japan);  and  Dr.  Alex  Bonner  (Milligen,  Bedford,  MA). 

The  Laboratory  of  Pathoblology  has  undertaken  to  organize  an  Internation- 
al Workshop  at  Rocky  Mountain  Laboratories  to  bring  together  a  panel  of 
the  most  knowledgeable  workers  to  explore  in  detail  the  latest  concepts 
on  the  pathoblology  of  Bordetella  pertussis.   The  meeting  which  featured 
over  100  scientists  received  both  institute  and  industry  support  and  was 
held  at  the  Hamilton  facility  in  August  1988. 
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HONORS  AiND  AWARDS 

Dr.  Tom  Schwan 

Invited  speaker: 

Department  of  Microbiology,  University  of  Minnesota,  October  1987 
Society  of  Vector  Ecology,  Asilomar,  California,  November  198  7 
Department  of  Microbiology,  University  of  Alabama,  April  1988 
Department  of  Microbiology,  University  of  Montana,  May  1988 
U.S.  Forest  Service,  West  Fork,  Montana,  May  1988 
American  Ornithologists  Union,  Fayetteville,  Arkansas,  August  1988 

Reviewed  manuscripts  for: 

Journal  of  Medical  Entomology 
Journal  of  Wildlife  Diseases 
Journal  of  Clinical  Microbiology 
Clinical  Microbiology  Reviews 

Dr.  John  Munoz 

Reappointed  as  a  staff  affiliate  of  the  University  of  Montana.  ■ 

Trustee  of  the  Stella  Duncan  Memorial  Research  Fund,  University  of 
Montana. 

Reviewed  manuscripts  for: 

Infection  and  Immunity 

Immunopharmacology 

Clinical  Immunology  and  Immunopathology 

Helped  organize  the  International  Workshop  on  Bordetella  pertussis  held 
at  Rocky  Mountain  Laboratories,  August  18-20,  1988. 

Attended  and  presented  a  paper  at  the  FEMS  Sjrmposium  on  Pertussis,  East 
Berlin,  Germany,  April  20-22,  1988. 

Invited  to  become  a  chapter  member  of  "The  International  Endotoxin 
Society." 

Dr.  Claude  Garon 

Received  NIH  Director's  Award  -  June  6,  1988 

Invited  to  serve  on  State  Board  of  Governors  for  Montana  Biotechnology 
Foundation. 

Invited  to  present  a  lecture  at  the  Seventh  Pfefferkorn  Conference  on  the 
Science  of  Biological  Specimen  Preparation  for  Microscopy  and  Microanaly- 
sis, London,  England. 
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InviCcii   concribucor   to   che   Public    BroaUcnsciiig   Service's   science   series 
called   "The    Infinite   Voyage." 

Invited  lecturer  at  National  Medical  Library  Association  Annual  Meeting, 
New  Orleans,  LA. 

Invited  speaker: 

Wescview  Junior  High  School,  Hamilcon. 

Continuing  Education  Series  for  Science  Teachers  on  Genetic  Engineering, 

.Missoula. 

University  of  Montana  -  Department  of  .Microbiology,  .Missoula. 

International  Students  Association  -  University  of  .Montana,  .Missoula. 

.Molecular  Biology  Seminar  Series  -  University  of  Montana  -  Department  of 

Chemistry. 

Hamilton  Lions  Club 

Dr.  Jerry  Keith 

Attended  the  lACCA  Meeting  October  4-7,  1987,  in  New  York  City,  NY. 

Invited  speaker  at  Notre  Dame,  NY,  January  17-19,  1988. 

Invited  speaker  aC  NIAID  Pertussis  Vaccine  Meeting,  Bethesda,  MD,  Febru- 
ary 8-9,  1988. 

Invited  speaker.  Smith  Kline/Rit,  Brussels,  Belgium,  April  18,  1988. 

Invited  speaker  at  the  FEMS  Pertussis  Symposium,  East  Berlin,  Germany, 
April  19-22,  1988. 

Attended  Supervisor  Management  Training  Session  in  Bethesda,  MD,  April 
16-20,  1988. 

Invited  speaker  at  the  ASM  Meeting,  Miami,  Florida,  May  8-13,  1988. 

Invited  speaker  at  the  UC/UA  Infectious  Disease  Meeting,  Intermere, 
British  Columbia,  Canada,  June  11-16,  1988. 

Organized  (with  Dr.  Munoz)  the  International  Workshop  on  Bordetella 
pertussis  held  at  Rocky  Mountain  Laboratories,  August  18-20,  1988. 

Attended  the  Cold  Spring  Harbor  Vaccine  Meeting,  Cold  Spring  Harbor,  NY, 
September  U-18,  1988. 

Invited  speaker  at  the  Fifth  International  Symposium  on  Pertussis, 
Copenhagen,  Denmark,  September  22-23,  1988. 

Reviewed  manuscripts  for  Journal  of  Bacteriology  and  Infection  and 
Immunity. 
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Dr.  Willy  Burgdorfer 

Invited  to  present  lecture  at  Lyme  Disease  Workshop  organir.ed  by  Roche 
Laboratories,  Washington,  D.C.,  February  29-March  1,  1988. 

Recipient  of  the  Robert  Koch  Golden  Medal  Award  for  the  discovery  of  the 
Lyme  disease  spirochete,  Borrelia  burgdorferi.  May  19,  1988. 

Invited  to  present  lecture  at  workshop  on  Lyme  disease  organized  by  the 
Lyme  Borreliosis  Foundation,  Inc.,  Hartford,  CT,  June  9,  1988. 

Nominated  Scientific  Director  to  the  Board  of  the  Lyme  Borreliosis 
Foundation,  Inc.,  June  9,  1988. 

Participated  as  instructor  at  the  1988  Acarology  Program  of  the  Ohio 
State  University,  Columbus,  OH,  June  20-25,  1988. 

Invited  to  present  lecture  "Lyme  Disease:   the  challenge  of  diagnosis"  at 
the  Ohio  State  Health  Department,  Columbus,  Ohio,  June  23,  1988. 

Invited  to  present  papers  on  vector-borne  diseases  of  veterinary  impor- 
tance and  on  risk  factors  and  their  prevention  at  the  125th  Annual 
Meeting  of  the  AVMA,  Portland,  OR,  July  18-19,  1988. 

Presented  papers  at  the  43rd  Annual  Northwestern  Conference  on  Diseases 
of  Nature  Communicable  to  Man,  Boise,  ID,  August  15-17,  1988. 

Invited  to  deliver  keynote  address  at  the  10th  Anniversary  of  the 
Institut  Central  des  Hopitaux  Valaisans,  Sion,  Switzerland, 
September  8-9,  1988. 

Interviewed  by  Public  Broadcasting  System  (PBS)  and  20-20  TV  program  on 
Lyme  disease  and  professional  accomplishments. 
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i  pooject  number 

DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  •  PUBLIC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 

ZOI   AI   00071-L7    LPB 

PEROO  COVERED 

Occober  1.  1987,  to  September  30,  1988 

I  TITLE  OF  W»OjECT  10  cnanc:*^  v  •«    '"•  'ntst  M  an  ont  unt  atlwttn  try  aortjTt  i 

Studies  on  Pertussigen 

PRINCIPAL   NVEST:GAT0R   l.i;  om*'  omfitionMi  otnonrm  oxow  mm  Pnncipai  iny^aagator  i  iNamt  .io«    uyytiory  tna  ^nantum  ttNjttiori 

PI:   John  J.  Munoz        Acting  Head  LPB,  NIAID 

OTHERS:   Marius  Peacock   Biol.  Lab.  Tech.  (Micro)      LPB,  NLAID 


COOPERATING  UNITS  m  tnyl 

William  Black  (Emory  University) ,  Denise  Monack  and  Stanley  Falkow  (Stanford 
University) 

UAa/BRANCH 

Laboratory  of  Pathobiology 


SECTION 
Immunopathology 


INSTITUTE  *N0  LOCATION 

NIAID,  NIH.  Bethesda,  MP   20892 


TOTAL  MAN-YEARS  PROFESSIONAL 

1.6  .8 


CHECK  APPROPRIATE  BOXIES) 

C  (a)  Human  subjects  Z   (b)  Human  tissues  X.   (c)  Neither 

Z   (al)  Minors 
Z   (a2)  Interviews 


SUMMARv  OF  mORk   l/m  itioaara  unnaucaa  ryp»  Do  not  tictua  rn»  somc»  otovkmo  ; 

The  actions  of  pertussigen  (pertussis  toxin  (Ptx))  on  the  IgE-containing  spleen 
cells  of  C57B1/10SCN  mice,  and  on  the  promotion  of  protective  activity  of  vac- 
cines made  from  Bordetella  species  were  studied.   Mice  receiving  Ptx  and  1  mg  of 
egg  albumin  (EA)  showed  a  marked  increase  in  the  percentage  of  spleen  cells 
containing  surface  IgE.   This  action  was  more  pronounced  in  older  mice  (10  weeks 
or  older)  than  in  younger  mice  (5-6  weeks  old)  .   Since  the  increase  of  IgE- 
containing  cells  was  as  high  as  402  of  the  total  spleen  cells,  it  seems  that  the 
main  action  of  the  Ptx  was  that  of  increasing  the  receptors  for  IgE  in  the  B-cell 
population  rather  than  Just  increasing  the  IgE-producing  cells.   When  Ptx  was 
given  alone,  only  a  slight  increase  of  IgE-containing  cells  was  observed,  and  EA 
alone  did  not  have  any  effect  on  the  number  of  these  cells. 

Ptx  increased  strikingly  the  protective  action  of  vaccines  made  from  B^.  pertussis 
strains  lacking  Ptx,  or  from  strains  in  which  a  genetically  modified  gene  for  the 
SI  subunit  of  Ptx  was  present.   Ptx  also  enhanced  the  protective  activity  of 
vaccines  made  from  B.  parapertussis  and  B^.  bronchiseptica,  but  had  little  effect 
on  vaccines  made  fr^m  wild-type  strains  of  B^.  pertussis  known  to  produce  Ptx. 

The  antibody  response  to  surface  antigens  of  Bordetella  has  been  studied.   We 
have  shown  that  the  antibodies  of  the  IgG  class  is  not  increased.   However,  the 
IgE  class  of  antibodies  was  noticeably  increased  in  vaccines  containing  Ptx  or 
when  PCX  was  Included  in  the  immunization  with  vaccines  lacking  Ptx. 
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PRINCIPAL  INVESTIGATOR  (Ust  other  professional  personnel  below  the  Principal  Investigator.)  (Name,  title,  laboratory,  and  institute  atliliation) 
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Biol.  Lab.  Tech. 
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(Micro) 
(Micro) 
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INSTITUTE  AND  LOCATION 
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TOTAL  MAN-YEARS: 
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PROFESSIONAL 

0.4 
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D  (a)-  Human  subjects 
D   (a1)  Minors 
n   (a2)  Interviews 


D  (b)  Human  tissues  3  (c)  Neither 


SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  excsed  me  space  provided.) 

Modern  methods  of  molecular  cloning  and  analysis  allow  for  the  detection  and 
amplification  of  rare  DNA  sequences  such  as  a  single  integrated  viral  segment. 
Molecular  clones  of  several  newly  integrated  retroviral  genomes  have  been 
produced  in  either  plasmid  or  bacteriophage  cloning  vehicles  using  recombinant 
DNA  techniques  and  have  been  characterized  using  electron  microscope  heterodu- 
plex  and  R-loop  methods.   Detection  of  sequence  homology  even  when  rearranged  or 
interrupted  by  intervening  cellular  DNA  is  often  accurately  mappable  in  the 
electron  microscope  using  these  methods.   These  studies  have  not  only  shown  the 
arrangement  of  integrated  viral  sequences  within  infected  host  cell  DNA,  but 
have  also  demonstrated  the  presence  and  sequence  arrangement  of  certain  viral 
transforming  sequences  within  normal,  uninfected  host  cells  as  well.   These 
studies  have  recently  been  expanded  to  include  a'  structural  determination  of  the 
genetic  relatedness  of  AIDS  virus  isolates  from  around  the  world.   Unique 
inverted  repeat  sequences  structurally  resembling  transposable  elements  have 
been  identified  in  the  area  of  retroviral  integrations  and  molecularly  cloned 
for  further  analysis.   The  major  objective  of  these  studies  has  been  the  appli- 
cation of  physical  and  biochemical  techniques  to  assess  the  influence  of  integra- 
tive position  or  flanking  cellular  sequences  on  subsequent  viral  function  and  to 
define  in  molecular  terms  those  events  which  take  place  during  integrative 
recombination  in  eukaryotic  cell  systems. 
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PI:  Jerry  M.  Keith,  Head,  LPB,  NIAID 
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K.  Kaljot,  NRSA  Researcher 

S.  Northcutt,  Microbiologist 

S.  Smith,  Microbiologist 
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SECTION 

Molecular  Pathobiology 


INSTITUTE  *N0  LOCATION 

NIAID.  NIH.  Bethesda 


MD  20892 


TOTAL  MAN-YEARS 
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PROFESSIONAL 

2.7 
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CHECK  APORCPBIATE  BCXiES) 

LI   (a)  Hunnan  subjects 
G   (a1)  Minors 
G  (a2)  Interviews 


w.  (b)  Human  tissues  E  (c)  Neither 


SUMMARY  OP  WORK  (C/Jt  sitnaara  unr»<3uc»a  rypa    Do  not  ttcna  in»  soace  orovioaa ) 

The  functional  objectives  of  this  project  are  to  investigate  genetic  molecular 
structure  of  pathogens,  to  define  the  role  of  gene  products  in  pathogenic 
mechanisms  and  to  perform  studies  directed  toward  development  of  vaccines 
using  molecular  biology.  Our  primary  emphasis  focuses  on  cloning  and  expression 
of  genes  relevant  to  the  toxic  components  of  Bordetel la  pertussis.  Pertussis 
toxin  is  the  protective  component  of  the  whooping  cough  vaccine;  however,  its 
biological  activities  may  cause  the  harmful  side  effects  associated  with  current 
vaccines.  This  protein  toxin  is  composed  of  five  dissimilar  subunits;  the  SI 
subunit  contains  an  ADP-ribosyl transferase  activity  responsible  for  most  if  not 
all  of  the  biological  activities  of  the  toxin.  Past  accomplishments  of  the 
laboratory  include:  cloning  and  sequencing  the  pertussis  toxin  operon  (patent 
application  filed  and  licensed  for  vaccine  development);  direct  expression 
of  toxin  subunits  in  Escherichia  co1 i ;  and  characterization  of  structure  and 
function  relationship  between  pertussis  toxin,  pathogeneses,  and  immunoprotection 
Using  the  results  of  these  studies  as  a  basis  for  further  research,  we  have 
identified  a  region  in  the  SI  subunit  that  is  required  for  enzymatic  activity 
and  that  contributes  to  the  formation  of  a  neutrilizing  antigenic  determinant. 
The  gene  encoding  the  SI  subunit  was  modified  in  this  critical  region  by  site- 
specific  mutagenesis.  One  of  the  mutants  in  which  a  single  amino  acid  sub- 
stitution was  engineered  into  the  SI  subunit  had  no  enzymatic  activity  while 
retaining  the  protective  epitope.  The  genetic  changes  responsible  for  the  lost 
of  enzymatic  activity  are  now  being  engineered  into  the  chromosome  of 
B.  pertussis  to  develop  a  new  strain  of  the  bacteria  which  will  produce  a 
genetically  detoxified  pertussis  toxin.  This  modified  toxin  has  important 
potential  for  use  as  a  component  of  an  acellular  vaccine  against  whooping  cough 
and  is  the  subject  of  two  invention  reports  and  patent  applications  to  be 

filed  this  year. 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

The  objectives  of  this  project  are  to  develop  molecular  approaches  to  investi- 
gate pathogen-arthropod  interactions  of  vector-borne  diseases  of  human 
importance  in  the  United  States.   The  first  objective  was  to  develop  a 
sensitive  DNA  hybridization  probe  to  specifically  identify  Yersinia  pestis, 
the  causative  agent  of  bubonic  plague,  in  experimentally  infected  fleas. 
This  was  achieved  in  collaboration  with  K.  McDonough  and  S.  Falkow  at  Stanford 
University.   Yersinia  pestis  infection  in  individual  fleas  of  three  species 
(Xenopsylla  cheopis,  Thrassis  bacchi,  and  Diamanus  montanus)  were  detectable 
using  a  1000  base  pair  restriction  fragment  cloned  from  the  pesticin  plasmid. 
The  same  probe  also  detected  Y.  pestis  in  impression  smears  of  spleen  and 
liver  of  experimentally  infected  mice.   A  similar  study  has  begun  to  develop 
a  DNA  probe  to  detect  Rickettsia  typhi,  the  causative  agent  of  murine  typhus, 
in  fleas.   Protocols  for  the  purification  of  murine  toxin  and  Fraction  1 
antigen  of  T.  pestis  are  being  developed  to  provide  reagents  for  alternative 
methods  for  the  rapid  detection  of  _Y.  pestis  in  infected  fleas. 
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SUMMARY  OF  tA/ORK  rUa»  ilvxjan)  unrvoucad  ryP*   Oo  not  ticfd  in»  spact  pmvtOM  } 

This  project  serves  to  consolidate  and  to  expand  our  efforts  at  identifying, 
localizing,  and  characterizing  genes  and  gene  products  which  are  important  in 
host  pathogen  relationships.   While  we  have  used  colloidal  gold  and  ferritin 
labeling  to  identify  important  cellular  components  which  are  located  on  the 
surface  of  various  pathogens,  new  techniques  of  cryof ixation,  cryoultramicrot- 
omy  and  immuno-labeling  will  allow  precise  localization  of  important  antigens 
which  may  be  located  inside  the  ceil.   A  broad  range  of  molecular  techniques 
will  allow  cracking  of  antigens  through  synthesis,  processing  and  genetic 
control  modulation.   We  have  recently  developed  procedures  for  laboratory 
synthesis  of  uniform,  precisely-sized  colloidal  gold  markers  which,  when  coupled 
with  functional  and  specific  antibody  molecules,  will  allow  for  multiple  antigen 
location  and  subsequent  ultrastructural  analysis. 
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Purification  and  Biochemistry  of  Molecularly  Cloned  Bordetella  Proteins 


PRINCIPAL  INVESTIGATOR  (Ijst  other  professional  personnel  below  the  Principal  Investigator.)  (Name,  title,  laboratory,  and  institute  affiliation) 

PI:  Jerry  M.  Keith,  Head,  LPB,  NIAID 


Others: 
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D. 
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n   {a2)  Interviews 
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SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Development. of  new  and  safer  whooping  cough  vaccines  is  a  major  priority  of 
health  policy  organizations  and  vaccine  manufacturers.  Evidence  accumulating 
from  clinical  trials  of  acellular  pertussis  products  strongly  indicates  that 
pertussis  toxin  will  be  a  necessary,  and  perhaps  sufficient,  component  of  any 
new  vaccine.  Anticipating  the  need  for  purer  and  non-reactogenic  reagents,  we 
have  cloned  and  recombinantly  expressed  the  genes  for  each  of  the  toxin  compo- 
nent proteins  in  Escherichia  coli .  These  nonfusion  recombinant  polypeptides  are 
synthesized  to  yery   high  levels  as  cellular  inclusion  bodies,  greatly  facili- 
tating their  isolation.  This  project  involves  purification  and  characterization 
of  these  protein  antigens  produced  by  the  host  system.  In  many  instances,  these 
expressed  proteins  represent  up  to  40%  of  the  total  cell  protein;  however,  these 
proteins  are  often  insoluble  and  form  inclusion  bodies  in  the  E.  col i  cell. 
Various  techniques  were  developed  to  solubilize  these  proteins.  We  have 
succeeded  in  purifying  various  versions  of  subunits  SI,  S2,  and  S4.  Manipulation 
of  the  gene  segment  encoding  the  A  protomer  (SI  subunit)  has  permitted 
identification  of  regions  possessing  both  immunodominant  and  immunoprotective 
epitopes  as  well  as  sites  critical  for  enzymatic  activities.  We  expect  that  our 
recombinant  reagents  will  allow  us  to  develop  a  stable,  safe,  and  efficacious 
acellular  vaccine  against  pertussis. 
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NRSA  Researcher 
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CHECK  APPROPRIATE  BOX<eS) 

C  (a)  Human  subjects 
_   (al)  Minors 
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SUMMARv  OP  WORK  lUu  SItnatra  jnrtaucta  rypa    Oo  not  eiCMO  .'I*  space  omviaed  ) 

This  project  involves  performing  studies  directed  towards  the  development  of 
vaccines  using  recombinant  DNA  technology  to  synthesize  immunogenic  peptides 
from  microbial  agents.  The  objective  is  to  identify  specific  natural  or 
genetically  modified  proteins  which  when  used  as  immunogens  will  protect 
against  challenge  by  Bordetel la  pertussis ,  the  causative  agent  of  whooping 
cough.  These  antigens  will  then  be  considered  for  use  in  a  new  generation 
component  vaccine.  We  are  presently  working  on  pertussis  toxin,  a  protein 
consisting  of  five  subunits,  which  is  a  major  protective  immunogen  in  whooping 
cough  vaccines.  Our  initial  effort  involves  evaluating  individual  subunits  of 
pertussis  toxin  produced  synthetically  using  recombinant  DNA  technology.  Our 
earliest  results  suggested  that  the  standard  mouse  lethal  intracerebral  challenge 
(ic)  model  was  incapable  of  reliably  identifying  protective  pertussis  components 
and  was  variably  reliable  in  demonstrating  protection  with  a  commercially  avail- 
able whole  cell  vaccine.  By  modifying  the  ic  challenge  to  include  a  small  dose 
of  active  pertussis  toxin,  which  is  incapable  of  stimulating  immunoprotection 
when  administered  alone,  we  have  been  able  to  consistently  demonstrate  protection 
following  immunization  with  both  purified  components  and  recombinant  component 
subunits.   In  the  31  experimental  groups  studied  so  far,  the  first  15  did  not 
utilize  active  pertussis  toxin.   In  those  experiments,  immunization  with 
recombinant  pertussis  toxin  subunits  SI  and  52  produced  in  E.  col i  did  not  yield 
protection  which  was  greater  than  that  provided  by  vehicle  alone.   Following  in- 
clusion of  active  toxin  in  the  protocol,  immunoprotection  by  SI  and  S2  reached 
70%  of  the  level  provided  by  the  whole  cell  vaccine  which  served  as  a  positive 
control.  Deletion  and  substitution  mutants  of  the  SI  subunit  are  currently 
being  tested  to  identify  the  epitopes  associated  with  protection  from  lethal 
challenge.   In  addition,  SI  based  peptides  are  being  synthesized  to  test  their 
protective  potential. 
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PRINCIPAL  INVESTIGATOR  (Ijst  other  protessional  persorxnel  below  the  Principal  Investigator.)  {Name,  title,  laboratory,  and  institute  attiliationi 

PI:   John  J.  Munoz  Acting  Head  LPB,  NIAID 
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D   (a2)  Interviews 


SUMMARY  OF  WORK  (Use  standard  unreduced  type.  Do  not  exceed  the  space  provided.) 

Most  of  the  work  in  this  project  has  been  devoted  to  developing  reliable  reagents 
to  measure  IgE  with  specificity  to  the  antigens  used  in  this  project.   In  addi- 
tion, some  efforts  have  been  made  to  develop  hybridomas  producing  IgE  with 
specificity  to  a  desired  antigen.   Specific  antisera  for  the  reliable  detection 
of  IgE  have  been  obtained,  but  hybridomas  producing  IgE  have  not  been  yet  devel- 
oped.  Presently,  enrichment  techniques  to  concentrate  the  numbers  of 
IgE-producing  cells  before  fusing  with  tumor  cells  are  under  investigation. 

Employing  the  IC  challenge  to  detect  immunity  to  experimental  pertussis  in  mice, 
it  has  been  shown  that  vaccines  made  from  Bordetella  pertussis  containing 
pertussigen  (pertussis  toxin  (Ptx))  stimulate  the  production  of  antibodies  of  the 
IgE  isotype  with  specificity  to  surface  antigens  of  B^.  pertussis.  Strains  that  do 
not  produce  Ptx  do  not  stimulate  IgE  antibodies.   Antisera  containing  IgE  anti- 
bodies to  surface  antigens  protected  mice  from  IC  challenge,  while  those  without 
it  did  not  protect  mice.   These  experiments  are  under  further  study  to  settle 
whether  the  IgE  antibodies  are  indeed  important  in  the  protection  of  mice  to  IC 
challenge . 
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SUMMARY  OF  (VORK  ,LU»  sianamro  uniwjucta  ryo»   Oo  not  **c—a  tnm  socct  omiiota  i 

The  objectives  of  this  project  are  to  (1)  determine  if  genes  present  on  plasmid 
DNA  of  Borrelia  burgdorferi,  the  causative  agent  of  Lyme  disease,  control 
infectivity,  (2)  characterize  these  plasmids,  (3)  clone  the  infectivity  genes 
and  express  those  components  that  promote  borrelia  infection  in  mammals,  and 
(A)  determine  Immunogenic  properties  of  components  responsible  for  infection. 
The  reduction  in  the  number  of  detectable  plasmids  with  the  loss  of  infectivity 
suggests  that  gene(s) ,  encoding  for  components  related  to  infectivity,  may  be 
present  on  one  or  more  of  these  extrachromosomal  elements.   A  7.6  kilobase  (kb) 
pair  circular  plasmid  has  been  identified  as  a  strong  candidate  for  regulating 
infection.   Various  restriction  fragments  from  this  plasmid  have  been  cloned 
and  are  currently  being  used  as  probes  for  identifying  infectious  strains. 
These  probes  will  also  be  useful  in  demonstrating  the  true  fate  of  the  7.6  kb 
plasmid,  which  appears  to  be  lost  from  the  spirochete  as  a  result  of  serial  in 
vitro  cultivation.   Investigations  concerning  antigenic  variation  of  B^. 
burgdorferi  in  vitro  and  in  vivo  using  a  mouse  model  are  continuing.   Both 
monoclonal  and  monospecific  polyclonal  antibodies  are  being  developed  to  help 
define  antigenically  variable  determinants. 
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Hamilton,  Montana 

National  Institute  of  Allergy  and  Infectious  Diseases 

October  1 ,  1 987  to  September  30,  1 988 

RESEARCH  HIGHLIGHTS 

Strand  specific  in  situ  hybridization  identified  lymph  node  germinal  centers  as  sites 
of  Aleutian  disease  parvovirus  replication  and  distinguished  these  cells  from  sites  of  virus 
accumulation  in  the  reticuloendothelial  system  of  infected  mink. 

Complete  DNA  sequence  and  transcription  maps  obtained  for  Aleutian  disease  virus  of 
mink.  Comparison  of  stains  suggested  sites  influencing  viral  virulence  in  vivo. 

Envelope  gene  of  neurotropic  mouse  retrovirus  is  responsible  for  ability  to  infect 
neuronal  and  glial  cells.  Accumulation  of  unintegrated  viral  DNA  in  infected  cells  may 
explain  persistent  virus  expression  in  non-dividing  neuronal  cells. 

Unique  endogenous  retroviral  envelope  genes  were  shown  to  be  expressed  on 
erythroid  and  granulocytic  precursor  cells  of  normal  mice. 

Genetically  controlled  resistance  of  mice  to  rabies  virus  was  shown  not  to  be 
mediated  by  interferon. 

Hormone-mediatedalteration  of  female  protein  levels  in  hamsters  was  able  to 
influence  normal  rate  of  deposition  of  amyloid  in  liver  and  other  target  organs. 

Clones  of  mouse  neuroblastoma  cells  chronically  infected  with  the  scrapie  agent  were 
compared  to  uninfected  clones  for  prion  protein  expression  and  biosynthesis.  No 
proteinase  K-resistant  prion  protein  was  detected,  suggesting  this  form  may  not  be 
required  for  expression  of  scrapie  agent. 

Variants  of  equine  infectious  anemia  virus,  a  horse  lentivirus,  were  found  to  be 
distinguishable  by  host  cell  tropism  in  vitro.  This  tropism  may  play  an  important  role  in 
pathogenesis  in  vivo. 

Retroviral  recombinant  virus  identified  in  vitro  as  probable  intermediate  stage  in 
generation  of  oncogenic  recombinant  MCF  retroviruses. 

Focal  immunoassay  for  HIV  infectivity  was  developed.  The  assay  can  detect  one 
infected  cell  out  of  one  million  cells,  and  is  capable  of  scoring  most  wild-type  HIV 
isolates. 

Immune  response  gene  in  the  H-21  region  controlling  the  response  of  mice  to  Friend 
retroviral  envelope  protein  has  been  shown  to  act  by  controlling  presentation  of  envelope 
antigen  to  specific  T  lymphocytes.  This  genetic  effect  strongly  influences  induction  of 
protective  immunity  to  Friend  virus  challenge. 

Variation  in  retroviral  pathogenesis  correlated  with  a  single  amino  acid  change  in  the 
retroviral  envelope  protein. 
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National  institute  o<  Allergy  and  Infectious  Diseases 

October  1.   1987  to  September  30.   1988 

ADMINISTRATIVE  REPORT 

The  following  staff  changes  occurred  at  LPVD  this  past  year: 

Arrivals: 

Dr.  Markus  Czub.  Visiting  Fellow,  from  Berlin,  West  Germany,  working  with  Dr.  John 
Portis. 

Dr.  Shiro  Mori,  Visiting  Fellow,  from  Sendai.  Japan,  working  with  Dr.  Marshall 
Bloom. 

Dr.  Chiaki  Ishihara.  Guest  Researcher,  on  sabbatical  from  Sapporo,  Japan,  working 
with  Dr.  Bruce  Chesebro. 

Dr.  Ray  Monk.  Senior  Staff  Fellow,  from  Cell  Science  Center,  Lake  Placid,  New 
York,  working  with  Dr.  John  Coe. 

Dr.  Ditte  Tornehave,  Visiting  Associate,  from  Odense.  Denmark,  working  with  Dr. 
John  Coe. 

Dr.  William  Lynch.   IRTA.  from  Cornell  University,  working  with  Dr.  John   Portis. 

Dr.  Kathy  Neary,   IRTA,  from  Yale  University,  working  with  Dr.   Bruce  Chesebro. 

Dr.  Wu  Wei.  Special  Volunteer,  from  the  People's  Republic  of  China,  working  with 
Dr.  Marshall  Bloom. 

Departures: 

Dr.  Soren  Alexandersen,  Visiting  Associate,  taking  a  position  in  the  Department  of 
Veterinary  Pathology  in  Copenhagen,  Denmark. 

Dr.  Susan  Carpenter,  Staff  Fellow,  taking  a  position  at  the  Department  of 

Microbiology,  School  of  Vetennary  Medicine,  Iowa  State  University,  Ames, 
Iowa. 

Summer  students  were  Jennifer  Van  Horn  from  Amherst  College,  Amherst.  MA,  and 
David  Stokesberry  from  Oklahoma  State  University,  Stillwater,  OK. 
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Role  of  Host  and  Viral  Factors  in  Resistance  to  Rabies  Virus  Infection  m  Mice 
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I  SECTION 


INSTITUTE  AND  LOCATION 

NIAID,  NIH,  Bethesda,  MD  20892 


TOTAL  MAN-YEARS: 


2.0 


PROFESSIONAL 

1.0 


1.0 


CHECK  APPROPRIATE  aOX(ES) 

Q  (a)   Human  subjects 
n   (al)  Minors 
n    (a2)  Interviews 


n  (b)  Human  tissues 


(c)   Neither 


I  SUMMARY  OF  WORK  (Use  stanaara  unreaucea  type.  Do  not  exceeH  tr\e  space  proviOeO.) 

I   The  principal  objective  of  these  studies  is  to  determine  host  and  viral  factors  that 
!    influence  the  genetically-controlled  resistance  of  inbred  mouse  strains  to  street 
j    rabies  virus  (SRV).    Studies  concerning  the  importance  of  interferon  induced  within  the 
central  nervous  system  (CNS)  during  infection  as  a  mechanism  responsible  for  resistance 
have  been  completed.    The  interferon  was  characterized  as  a  typical  viral-induced  pH 
2.0  stable  type  I  interferon  with  a  and  |3  specificity.     Furthermore,  it  was  determined 
that  the  high  concentrations  of  interferon-o/p  that  were  induced  by  SRV  in  the  CNS  of 
susceptible  A/WySnJ  mice  were  ineffective  in  inhibiting  viral  replication.    The  100% 
survival  of  SRV-infected  resistant  SJLyj  mice  following  neutralization  of  interferon 
within  their  CNS  with  high  concentrations  of  rabbit  anti-mouse  interferon-o/p  suggested 
that  the  minimal  amount  of  interferon  present  in  the  CNS  during  infection  was  not  the 
mechanism  responsible  for  their  innate  resistance  to  ip-inoculated  SRV.     Studies 
conceming  the  significance  of  cellular  immunity  have  progressed  with  the  development 
of  an  8  hr  assay  that  measures  specific  cytotoxic  T-cell  killing.     Maximum  kilUng 
occurs  following  a  5  day  in  vitro  incubation  of  1X10°  spleen  cells  with  1X10°    ^  Cs- 
irradiated  rabies  virus-infected  stimulator  cells;  effector  to  target  (E:T)  ratios  of 
10  and  5  result  in  >70%  and  >40%    specific  lysis,  respectively.    The  assay  has  been 
simplified  by  using  P815,  EL-4  and  mouse  neuroblastoma  target  cells  persistently- 
infected  with  ERA  viois.    We  have  demonstrated  specific  T-cell  cytotoxicity  with 
lymphocytes  from  susceptible  A/WySnJ  and  C57BI/6J  mice  and  resistant  DBA/2J  and 
BALB/cByJ  mice.     Preliminary  results  suggest  that  maximum  cytotoxic  T-cell  activity 
occurs  seven  days  after  ip-infection  with  ERA  virus  grown  in  CER  ceils.     Mice  infected 
with  similar  concentrations  of  SRV,  CVS,  and  ERA  vinjses  inoculated  ip.  as  10%  mouse 
brain  suspensions  have  minimal  T-cell  activity.    We  have  been  unable  to  demonstrate 
specific  T-cell  killing  in  an  8  hr  assay  with  uncultured  lymphocytes.     The  emphasis  of 
these  studies  will  be  to  continue  investigating  the  importance  of  cytotoxic  T  cells  in 
murine  resistance  to  SRV  infections. 
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The  goal  of  this  project  is  to  understand  genetically  controlled  mechanisms 
involved  in  host  defense  against  retrovinjs-mduced  disease.     In  this'  work  we  have  been 
studying  both  soontaneous  recovery  and  generation  of  protective  immunity  using  Friend 
virus  complex  (FV)-induced  erythroieui<emia  m  mice  as  a  model  for  human  retroviral 
diseases  induding  AIDS  and  certain  leui<emias. 

Previous  expenments  indicated  that  both  susceptibility  to  virus-induced 
immunosuppression  and  lack  of  ability  to  spontaneously  recover  from  leukemia  were 
influenced  by  the  H-2D  subregion.     More  recent  data  now  shows  that  the  predominant 
genetic  influence  on  generation  of  protective  immunity  is  mediated  by  the  H-2! 
subregion.     This  was  specifically  documented  m  mice  immunized  by  inoculation  with  live 
recomoinant  vaccinia  virus  expressing  the  FV  envelope  gene.     Our  latest  expenments 
indicate  that  the  H-21  region  regulates  ability  to  pnme  T  lymphocytes  with  FV  envelope 
antigens.     The  H-21  gene  influences  this  immunological  pnming  by  controlling  the 
ability  of  macrophages  and  other  cells  to  present  FV  envelope  antigens  correctly  to  the 
specific  T  lymphoc/tes.     This  mechanism  was  directly  demonstrated  in  vitro  and  antigen 
presentation  could  be  inhibited  only  by  appropnate  anti-H-21  monoclonal  antibodies. 
Similar  genetic  regulatory  influences  are  likely  to  exist  in  humans  and  may  affect 
potency  of  vaccines  being  developed  against  human  retroviruses. 
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I  Pathogenesis  of  Aleutian  Disease  Virus  Infection 
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I  SUMMARY  OF  WORK  (Use  standara  unreOuced  rype.  Do  not  exceed  the  space  provided.) 

!  The  scope  of  this  project  is  the  study  of  infections  of  mink  with  the  Aleutian  mink 
disease  parvoviais  (ADV).     In  the  past  year  we  have  extended  the  use  of  strand-specific 
in  situ  molecular  hybridization  to  define  sites  of  ADV  replication  and  sequestration  in 
experimentally  infected  adult  mink.     In  infected  adult  mink,  target  cells  for  ADV 
replication  could  be  found  only  in  lymphoid  organs.    These  cells  (up  to  2  %  of  total) 
were  located  in  the  centers  of  germinal  centers  and  scattered  throughout  the  mesenteric 
lymph  node  cortex;    a  distribution  suggestive  of  cells  of  the  B-cell  lineage.     However, 
the  amounts  and  ratios  of  replicative  intennediates  (RF  DNA.  mRNA  and  vDNA)  in  each 
infected  cell  dramatically  differed  from  the  permissive  cell-virus  systems  we 
previously  studied;  the  levels  of  all  3  were  damped  by  at  least  a  factor  of  10  and  the 
amount  of  RF  was  disproportionately  decreased.    These  results  have  led  us  to  conclude 
that  infection  in  these  target  cells  was  being  restricted  by  some  mechanism. 
Furthennore,  as  infection  progressed  to  a  chronic  state,  cells  replicating  viojs  became 
undetectable,  suggesting  that  the  number  was  either  extremely  low  (<1/10^)  or  that  the 
restriction  was  progressively  more  severe.    A  restriction  on  viral  replication  and 
transcription  in  ADV  infected  lymphoid  cells  might  provide  a  mechanism  for  the 
development  of  immune  disorders  and  for  the  maintenance  of  persistent  infection.    Large 
amounts  of  virions  were  sequestered  in  the  periphery  of  germinal  centers  in  a 
distribution  very  similar  to  that  of  processed  antigen,  possibly  providing  an 
explanation  for  the  extreme  antiviral  antibody  response  observed  in  these  animals. 
Antiviral  antibody  may  be  important  in  the  development  of  persistent  infection,  because 
treatment  of  ADV  infected  mink  kits  with  specific  antibody  converted  the  highly 
permissive  infection  of  the  alveolar  type  II  cells  into  a  restrictive  one  similar  to 
that  described  above. 
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There  is  mounting  evidence  that  some  neurodegenerative  diseases  of  man  are  associated 
A/ith  human  retrovirus  infection.     The  mechanisms  by  which  retrovimses  cause  neurologic 
disease  are  not  understood.     This  project  focuses  on  the  study  of  a  munne 
j  neurodegenerative  disease  that  is  causes  by  a  retrovirus  (WM-E)  which  is  indigenous  to 
I  certain  wild  mouse  populations  in  California  and  Asia.     The  virus  is  transmitted 
'  congenitally  through  maternal  milk  as  well  as  honzontally  in  the  semen  though  sexual 
!  intercourse.     The  pathology  of  this  disease  consists  of  the  progressive  death  of  motor 
1  neurons  m  the  spinal  cord,  midbrain  and  cerebellum  and  in  this  regard  resembles 
j  amyotropic  lateral  sclerosis  of  man.     The  primary  goals  of  the  project  are  to  define 
I  the  speafic  targets  for  the  virus  in  the  CNS.  the  mechanism  of  virus  spread,  host  and 
viral  factors  which  influence  virus  spread  within  the  CNS  and  the  mechanism  of  the 
c/tolytic  effect  of  this  virus  on  neurons.       Previous  studies  revealed  that 
extravascular  spread  of  WM-E  within  the  CNS  was  mediated  by  the  viral  envelope  gene. 
We  now  have  evidence  that  the  viral  env  gene  also  endows  tfiis  virus  with  a  unique 
tropism  for  neuronal  as  well  as  astrocytic  cell  lines  in  vitro,  providing  compelling 
evidence  for  the  existence  of  speafic  receptors  in  the  CNS  for  WM-E.     We  have  recently 
found  that  large  amounts  of  unintegrated  DNA  persist  long  after  infection  of 
fibroblastic  cells  m  vitro.     In  this  respect  WM-E  resembles  the  lentiviruses  and 
j  c/topathic  avian  leukosis  viruses  in  which  similar  accumulation  of  unintegrated  viral 
I  DNA  has  been  observed.     It  is  thus  possible  that  unintegrated  WM-E  DNA  may  persist  in 
1  neurons  in  the  CNS  allowing  viral  gene  expression  without  viral  DNA  integration. 
I  Further  work  in  this  area  will  involve  studies  of  purified  celt  populations  from  the 
CNS. 
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!  The  goal  of  this  work  is  to  study  mechanisms  of  pathogenesis  of  munne 

j  retrovinjses.     Previous  studies  showed  that  two  closely  related  vanants  of  Fnend 

I  munne  leukemia  viruses  differed  in  their  ability  to  induce  hemolytic  anemia  and 

I  splenomegaly  shortly  after  inoculation  into  newbom  mice,     in  vitro  construction  of 

I  recomt:inants  between  these  strains  demonstrated  that  this  difference  was  due  to 

1  differences  m  the  viraJ  envelope  gene.     DNA  sequencing  has  revealed  only  2  sequence 

differences  between  these  strains,  and  site-specific  mutagenesis  has  now  identified  a 

single  ammo  aad  responsible  for  this  alteration  in  pathogenesis. 


IR-R 


PROJECT  ?iu.'.;aEa 


DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES  -  PUBLIC  HEALTH  SERVICE 

NOTICE  OF  INTRAMURAL  RESEARCH  PROJECT 


Z01  Al  00262-07  LPV[ 


PEFIIOD  COVERED 

October  1 .  1 987  to  September  30.  1 988 


'iTLE  OF  PROJECT  (30  cnaraaers  or  less.   Tula  must  In  on  one  nns  oofween  me  aorccrs.i 

Role  of  Pentraxins  in  Acute  and  Chronic  Pathology 


PRINCIPAL  INVESTIGATOR  (Ust  oiner  pro/essional  personnel  Delovu  tne  Principal  Investigator. )  (Name.  tiUe.  laooratory.  ana  institute  atliiiaiion) 

PI:  J.  E.  Goe  Medical  Officer  LPVD,  NIAID 

Others:    D.  Tornehave  Visiting  Associate  U  of  Odense,  Denmark 


I  COOPERATING  UNITS  (il  any) 

I      See  attached  page 

I 

!  LAB/BRANCH 

!      Laboratory  of  Persistent  Viral  Diseases,  Hamilton,  MT  59840 


INSTITUTE  AND  LOCATION 

NIAID,  NIH,  Bethesda,  MD  20892 


1  TOTAL  MAN-YEARS: 

3.3 


PROFESSIONAL; 

2.3 


1.0 


;  CHECK  APPROPRIATE  BOX(ES) 

I  G  (a)   Human  subjects  D   (b)   Human  tissues  S   (c)   Neither 

I        n   (al)  Minors 

j        D   (a2)  Interviews 

i  SUMMARY  OF  WORK  (Use  stanaart3  unreOucea  type.  Do  not  exceea  tfia  space  provided.) 

i 

I  Steroid  hormones  produce  some  remarkable  effects  in  hamsters.    The  hepatic  synthesis  of 
i  a  pentraxin  protein,  female  protein  (FP),  is  controlled  by  sex  steroids  in  the  Syrian 
j  hamster.    The  resulting  high  serum  levels  in  female  hamsters  is  directly  associated 
!  with  another  unique  phenomenon,  i.e.,  a  sex  limited  expression  of  amyloidosis  which 
j  predominantly  affects  female  hamsters.     FP  is  a  constituent  of  hamster  amyloid  and  the 
i  pcesence  of  amyloidosis  (incidence  and  amount)  was  diminished  by  administration  of 
j  exogenous  steroids  which  depressed  hepatic  synthesis  of  FP.    The  role  of  FP  in  hamster 
I  amyloidosis  is  thought  to  be  analogous  to  that  of  its  homolog,  serum  amyloid  P 
I  component  (SAP),  in  human  amyloidosis;  that  is,  SAP  incorporation  is  depicted  as  a 
!  secondary  event  after  formation  of  fibrils,  the  main  constituent  of  amyloid.    These 
obsen/ations  in  hamsters  indicate  that  the  P  component  homolog  (FP)  has  a  primary  role 
in  hamster  amyloidosis.     In  contrast  to  Syrian  hamsters,  estrogen  (DES)  administration 
induces  an  opposite  pentraxin  response  in  Amnenian  hamsters,  as  FP  synthesis  is 
inhibited.    Also,  estrogens  induce  an  acute  toxicity  (icterus)  in  Armenian  and  Chinese 
hamsters  (but  not  Syrian  hamsters),  and  these  effects  are  mediated  by  estrogen 
receptors.     Finally,  chronic  estrogen  injections  can  induce  appearance  of  multiple 
tumors  in  the  livers  of  both  male  and  female  hamsters. 
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The  purpose  of  this  project  is  the  study  of  genome  structure  and  function  of  the 
Aleutian  mink  disease  par/ovirus  (ADV).     In  the  past  year,  we  confirmed  the  sequence  of 
the  ADV-G  strain  of  ADV  and  denved  molecular  clones  containing  the  5'-palindrome 
(nght  hand  terminus).     Detailed  computer  analysis  of  the  ADV-G  sequence  has  revealed 
that  the  3'-terminal  palindrome  could  assume  a  Y-shaped  configuration,  similar  to  that 
of  the  other  parvoviruses,  but  was  less  stable  thermodynamically.     Furthermore,  the 
overall  homology  to  other  parvoviruses  was  <50%,  but  short  conserved  amino  acid  regions 
were  noted  in  both  the  left  and  right  major  open  reading  frames  (ORFs).     Two  allegedly 
conserved  regions  in  the  right  ORF  were  not  found  in  ADV.     ADV-G  was  97.5%  related  to 
the  vinjlent  ADV-Utah   1   in  a  comparison  encompassing  76%  of  the  genomes,  but  we 
observed  a  short  hypervanable  region  m  the  right  ORF  m  which  8  of  1 1   ammo  acid 
residues  vaned.     This  short  sequence  may  correspond  to  regions  in  other  parvoviruses 
thai  govern  host-range  and  virulence,  and.  thus,  may  be  responsible  for  the 
pathogenicity  charactenstics  of  different  ADV  strains.     A  molecular  clone  of  ADV-G 
that  contains  the  full  sequence,  including  both  termini,  has  been  constructed  and  is 
now  being  tested  for  mfectivity.  The  transcription  program  of  ADV-G  has  been  analyzed 
in  detail  using  Northem  blotting,  cDNA  cloning.  DNA  sequencing,  and  pnmer  extension. 
ADV  had  5  polyadenylated  RNA  transcnpts  of  4.3  (R1),  2.8  (R2).  2.8  (R3).   1.1    (RX).  and 
0.85  (R2')  kb.     Each  mRNA  had  ORFs  suggestive  of  bona  fide  protein  coding  sequences, 
initiaung  from  promoters  at  3  map  units  (R1.  R2,  R2',  and  RX)  or  at  36  map  units  (R3) 
and  terminating  at  polyadenylation  sites  at  map  unit  53  (R2'  and  RX)  or  map  unit  92.     A 
transcnpt  with     charactenstics  of  RX  has  not  been  previously  described  for  the 
par/oviruses.     R3  almost  certainly  coded  for  the  capsid  proteins  (p85  and  p75):  R1,  for 
the  largest  nonstructural  proteins  (p7l);  and  the  others,  for  1   or  more  additioneil 
nonstructural  proteins. 
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The  central  theme  of  this  project  involves  the  role  of  endogenous  retroviral  gene 
products  in  the  genetic  resistance  to  retroviais  induced  ieukemogenesis  exhibited  by 
certain  strains  of  mice.    We  previously  demonstrated  that  an  endogenous  retroviral  eny 
gene  with  two  alleles  is  linked  to  the  Rmcf  locus  on  chromosome  5.    One  allele  encodes 
an  endogenous  gp70  structurally  related  to  that  of  recombinant  MCF  vimses,  and 
expression  of  this  gene  in  vitro  results  in  the  restriction  of  fibroblastic  cells  to 
infection  by  MCF  viaises.    This  resistance  appears  to  be  mediated  by  receptor  blockade 
(viral  interference).     In  genetic  backcross  experiments  this  gene  was  shown  to 
mediated  resistance  to  erythroleukemia  induced  by  neonatal  inoculation  with  non- 
defective  Friend  murine  leukemia  virus  (F-MuLV).     Using  Fluorescence  Activated  Cell 
Sorting  techniques  along  with  in  vitro  functional  assays  of  hematopoietic  progenitor 
cells  we  have  now  defined  the  cells  in  the  mouse  which  express  this  gene.     Expression 
appears  to  be  initiated  within  the  pool  of  multipotential  stem  cells  (CFU-S)  and  is 
detectable  on  the  majority  of  erythroid  progenitors  (BFU-E  and  CFU-E)  as  well  as 
granulocytic  precursors  (GM-CFU)  but  is  shut  off  at  later  stages  of  myeloid 
differentiation.    The  gene  also  is  expressed  by  lymphoid  progenitors  which  are 
resident  in  low  numbers  in  the  thymus  but  as  in  the  myeloid  compartment  is  not 
expressed  by  mature  lymphocytes.    This  pattern  of  expression  strongly  suggests  that 
this  endogenous  retroviral  env  gene  mediates  resistance  to  erythroleukemia  by 
interfering  with  infection  of  primitive  erythroid  progenitors  (presumably  BFU-E)  by 
recombinant  MCF  viruses  generated  as  a  consequence  of  infection  by  F-MuLV.    This 
endogenous  retroviral  gene  appears  to  define  a  region  of  chromosome  5  which  is 
transcriptionally  active  during  eariy  stages  of  hematopoietic  lineage  commitment.    Of 
interest  is  the  close  association  of  this  gene  with  the  W^  locus  on  chromosome  5 
which  is  involved  in  hematopoietic  stem  cell  function.     In  order  to  further  define  is 
structure  and  function  we  are    cloning  this  retroviral  gene  from  a  C-DNA  library. 
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Scrapie  is  a  naturally  occumng  spongiform  encephalopathy  of  sheep  and  goats 
•  which  causes  clinical  and  pathological  changes  similar  to  those  of  Creutzfeld-Jakob  and 
!  Kuru  diseases  of  man.     A  unique  protein  called  pnon  protein  (PrP)  has  been  found  to  be 
!  a  maior  component  of  punfied  samples  containing  scrapie  mfectivity  and  is  believed  by 
j  some  people  to  be  the  infectious  agent.     It  is  just  as  possible  though  that  the  protein 

accumulates  as  a  secondary  by-product  of  the  disease  in  vivo.     To  discnminate  between 
!  these  possibilities  we  studied  PrP  biosynthesis  in  vitro  in  scrapie  infected  and 
i  uninfected  neuroblastoma  cells  using  pulse-chase  labelling  expenments.     No 

differences  in  PrP  biosynthesis  were  found,  and  this  suggested  a  secondary  role  for 

PrP  in  scrapie  pathogenesis. 

Because  animal  tissues  have  not  provided  satisfactory  substrates  for  the 
biochemicaJ  analysis  or  isolation  of  the  scrapie  agent,  we  have  continued  to  develop 
amd  improve  an  m  vitro  scrapie  infected  cell  culture  system  which  we  descnbed  before. 
Scrapie  infected  cultures  were  denved  from  single  positive  cells  and  contained  50-100 
fold  more  agent  than  was  found  in  uncloned  cultures.     By  frequency  analysis  nearly 
every  cell  m  expanded  cultures  continued  to  contain  scrapie  agent.     Cell  dose- 
infectjvity  relationships  were  studied  and  a  standard  curve  was  developed  which  allowed 
vanous  cultures  to  be  compared,  thus  significantly  reducing  the  numbers  of  animals 
needed  to  titrate  vanous  samples.     These  cultures  will  be  used  to  test  methods  for 
agent  punfication. 
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The  effects  of  genetic  alterations  of  retroviruses  include  the  generation  of  vanant 
viruses  which  infect  different  hosts;  viruses  which  are  capable  of  infecting  different 
tissues  in  the  host;  and  virus  variants  which  exhibit  enhanced  pathogenicity  compared 
'to  the  "wild  type"  virus.    Such  alterations  have  been  documented  with  nearly  all 
groups  of  retroviruses,  including  avian,  murine,  equine,  and  most  recently  with  HIV, 
'the  etiological  agent  of  AIDS.    This  project  is  largely  focused  on  the  genetic 
alteration  of  murine  leukemia  viaises  (MuLVs).  principally  with  regard  to  alterations 
•  due  to  recombination  and  the  role  of  this  process  in  disease  induction.     Previous 
I  studies  include  the  identification  of  a  novel  recombinant  vims  which  provided  a 
I  detailed  model  for  the  generation  of  oncogenic  viruses  in  mice  which  exhibit  a  high 
!  incidence  of  leukemia.     In  our  current  studies  we  have  demonstrated  the  generation  of 
i  a  variant  virus  in  cell  culture  by  spontaneous  recombination  between  viruses 
I  postulated  as  intermediates  in  our  model.    The  variant  virus  exhibits  in  vitro 
I  properties  indistinguishable  from  those  of  oncogenic  recombinant  viruses  isolated  from 
I  mice,  and  is  currently  being  tested  for  in  vivo  oncogenicity.    Other  studies  have 
I  demonstrated  that  the  viral  envelope  protein  strongly  influences  the  tissue  in  which 
i  viruses  replicate  at  eariy  times  after  inoculation,  whereas  viral  sequences  which 
'  control  the  rate  of  transcription  influence  tissue-specific  expression  at  later  times. 
!  These  results  have  been  extended  to  show  that  early  pathological  events  in  leukemia 
'  induction  are  influenced  by  the  viral  envelope  protein,  while  the  type  of  leukemia 
i  which  subsequently  develops  at  later  times  is  influenced  by  transcriptional  control 
elements.     Many  of  these  studies  have  been  greatly  facilitated  by  the  development  of  a 
retrovinjs  assay  on  live  cells  using  monoclonal  antibodies.    To  further  extend  the 
usefulness  of  this  assay  we  have  developed  a  broadly  reactive  monoclonal  antibody 
directed  at  the  envelope  proteins  of  MuLVs.  The  antibody  facilitates  the  assay  of  a 
very  broad  spectmm  of  MuLVs,  including  the  amphotropic  MuLVs  for  which  no  monoclonal 
antibodies  directed  at  the  envelope  protein  have  been  described. 
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Equine  infectious  anemia  virus  (ElAV)  is  morphologically,  genetically,  and  sero- 
logically related  to  human  immunodeficiency  virus  (HIV)  and  thus  provides  a  useful  model 
for  the  study  of  virus-host  interactions  in  lentivirus-induced  disease.  Charactenstic  of 
equine  infectious  anemia  (EIA)  is  the  episodic  nature  of  clinical  disease  which  is 
associated  with  the  appearance  of  novel  viral  variants.  This  project  is  concerned  with 
elucidating  the  factors  important  m  the  generation  and  selection  of  these  viral  vanants 
and  m  understanding  the  role  of  vacation  in  lentivirus  persistence  and  pathogenesis.  Our 
previous  work  suggested  that  early  in  the  course  of  disease,  EIAV  variants  may  be 
selected  in  vtvo  by  non-immunoiogicai  mechanisms.  We  have  therefore  initiated  studies  on 
the  in  vitro  host  cell  tropism  of  various  strains  of  EIAV  and  its  possible  correlation  with 
viral  patriogeniaty.  Virus  isolates  which  were  selected  for  in  vitro  replication  in  con- 
tinuous cell  lines  demonstrated  a  1,000-10,000-fold  reduction  in  viral  replication  m  primary 
horse  monoc/te  cultures  (HMC)  as  compared  to  replication  in  continuous  cell  lines. 
Moreover,  this  marked  reduction  of  virai  replication  in  horse  monocytes,  believed  to  be 
the  target  cell  for  EIAV  replication  in  vivo,  was  associated  with  a  loss  of  viral  virulence. 
This  suggests  that  levels  of  viral  replication  in  in  vitro  HMC  may  be  a  correlate  of  in 
vivo  patriogeniaty.  Thus,  we  have  increased  our  efforts  to  isolate  a  replication-competent 
molecular  clone  of  EIAV  which  could  serve  as  a  basis  for  understanding  structural  viral 
features  important  m  viral  pathogenicity. 
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The  goal  of  this  work  has  been  to  develop  a  sensitive  quantitative  in  vitro  focal 
immunoassay  for  human  immunodeficiency  virus  (HIV)  and  HIV-infected  cells.     This  has 
been  approached  by  inserting  the  human  CD4  gene  into  human  cell  lines.     Clones  with 
high  CD4  expression  were  then  used  as  targets  for  HIV  infection  which  was  detected  by 
HIV-specific  antibodies  with  indirect  immunofluorescence  or  immunoperoxidase  methods. 
The  assay  was  shown  to  be  HIV-specific  by  using  monoclonal  antibodies  specific  for  HIV 
envelope  or  core  proteins;  however,  polyclonal  human  anti-HIV  serum  was  also  effective. 
The  assay  was  highly  sensitive,  capable  of  detecting  a  single  infected  cell  out  of  one 
million  uninfected  cells.    Furthermore,  the  assay  was  capable  of  detecting  most  wild- 
type  HIV  strains  isolated  from  patients. 

Future  experiments  are  aimed  at  using  the  assay  to  study  HIV  expression  in  cells 
of  AIDS  patients. 
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The  pnmary  goal  of  this  project  is  to  define  immunological  mechanisms  of 
susceptibility  and  resistance  to  rabies  vinjs  in  inbred  strains  of  mice.     A  model 
system  for  analysis  established  by  Dr.  Donald  Lodmell  of  this  division  is  being  used  to 
charactenze  the  cellular  and  humoral  immune  response  of  susceptible  (A.SW.  AyWySn)  and 
resistant  (SJL)  strains  of  mice  dunng  infection  with  street  rabies  vinjs  (SRV).  a 
highly  virulent  strain  that  is  lethal  m  susceptible  hosts.     Preliminary  studies 
revealed  a  diminished  m  vitro  T  cell  proliferative  response  in  A.SW^  as  compared  to 
SoL*^  hosts  ^hich  was  not  due  to  defective  presentation  of  viral  antigens,  as  antigen- 
pulsed  macrophages  from  A.SW^  or  SJL'^  mice  stimulated  immune  SJC  T  cells  equally  well. 
A  gradual  decrease  in  spleen  size  in  A.SW^  but  not  SJL*^  hosts  was  aiso  noted.     Attempts 
to  define  the  basis  for  these  observations  led  to  immunofluorescent  analyses  of  spleen 
lymphoc/te  subsets  m  these  two  strains  of  mice  using  a  fluorescence  activated  cell 
sorter.     FITC  or  phycoerythnn  conjugated  monoclonal  antibodies  (mAb)  specific  for  T 
cells  (anti-Thy  1.2  mAb).  B  cells  (anti-kappa  mAb).  or  l-A^"^'  cells  (10-3.6  mAb)  were 
used  to  stain  spleen  cells  denved  from  mice  at  vanous  times  after  SRV  infection. 
Results  indicate  a  dramatic  (2-5  fold)  decrease  in  all  populations  defined  by  these 
surface  markers  from  two  to  seven  days  after  infection  in  A.SW^  but  not  SJL'^  hosts. 
Anti-SRV  antibody  responses,  detected  by  RIA  on  intact  virus  using  isotype-specific 
secondary  antibody  reagents,  are  also  minimal  in  the  susceptible  animal.     Efforts  to 
protect  A.SW^  mice  from  rabies  lethality  by  adoptive  transfer  of  immune  SJL*^ 
histocompatible  cells  have  been  unsuccessful,  perhaps  due  to  a  paucity  of  lL-2  and 
other  essential  lymphokines  m  the  infected  A.SW^  recipient.     It  has  also  been  possible 
to  convert  SJL!  mice  to  virus-susceptible  hosts  by  induction  of  a  CNS  inflammatory 
response  by  pre-immunization  with  myelin  basic  protein,  an  encephalitogenic  antigen. 
These  studies  provide  valuable  msights  into  the  mechanisms  of  SRV  susceptibility  and 
resistance  m  certain  mbred  mice. 
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Introduction 

The  branch  provides  all  services  necessary  to  the  professional  staff  in  the 
pursuit     of     their     investigations.  Fiscal     support     includes      budget     management, 

procurement,  and  initiating  payments  and  follow-up  on  financial  obligations 
related  to  purchases,  contracts,  staff  and  official  guest  travel,  and  expenses  for 
conferences  held  at  RML.  Other  support  covers  the  following  areas:  personnel, 
communications,  library  services,  secretary  backup  service,  grounds  care, 
custodial,  security,  media  preparation,  waste  disposal  including  hazardous  wastes 
and  radioactive  wastes,  glassware  cleaning,  photography,  animal  rearing  and  care, 
motor  pool,  operation  of  the  power  plant,  and  full  maintenance  and  minor 
laboratory  renovations  in  every  area  except  electronics. 

Considerable  time  and  effort  has  been  expended  on  developing  and  administering 
contracts  during  the  past  year.  The  new  contract  for  operation  of  the  glassware 
unit  became  effective  on  December  14,  1987. 

In  late  October  1987  we  were  notified  that  Blue  Ridge  Security  Guard  Service, 
Inc.,  had  defaulted  on  the  guard  contract  at  RML.  "Action  was  taken  to  provide 
security  on  an  interim  basis  and  to  negotiate  a  new  guard  contract  which  became 
effective  on  July  1,  1988.  The  last  option  year  for  the  housekeeping  contract 
ends  on  September  30,  1988,  and  the  Contracting  Officer  decided  to  not  exercise 
the  4th  Option  Year  on  the  boiler  room  contract.  We  are  now  in  the  process  of 
negotiating  contracts  for  housekeeping  services  and  operation  of  the  boiler  room, 
which  hopefully  will  be  effective  next  October.  We  also  hope  to  have  a  long- 
term  service  and  maintenance  contract  ready  to  start  in  early  October  on  our 
Beckman  Instruments. 

Several  RMOB  staff,  especially  Ms.  Leza  Hamby,  have  given  commendable  support 
to  LPB  in  planning  and  making  arrangements  for  the  International  Workshop  on 
Bordetella  pertussis  to  be  held  at  RML  on  August  17-20,  1988. 

The  Maintenance  Section  has  performed  several  renovation  projects  for  LMSF, 
LPVD,  and  LPB  during  the  past  year.  Most  noteworthy  has  been  the  completion 
of  a  new  autoclave  facility  and  new  laboratory  and  office  space  for  LPVD  on  the 
third  floor  of  Building  3,  and  renovation  of  new  laboratory  space  for  the 
Chlamydial  Diseases  Section  of  LMSF  on  the  first  floor  of  Building  4. 
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General  Overview  of  the  Responsibilities  of  Operations  Branch 


The  fiscal  and  procurement  dcparmient  manages  a  budget  of  over  52,000,000. 
Payroll  is  not  included  in  this  figure.  It  covers  only  the  purchase  of  services, 
supplies,  and  equipment  used  in  the  operation  of  the  laboratories.  Timekeeping 
and  submission  of  the  pa\Toll  are  also  handled  in  this  unit. 

Personnel  initiates  civil  service  and  commissioned  officer  personnel  actions,  and 
advises  on  personnel  matters.  This  depanment  is  also  charged  with  operation  of 
the  Job  Training  Pannership  Act  in  association  with  the  local  Montana  State 
Emplovment  Office  when  the  program  is  active.  Also  handled  by  Personnel  are 
persons  under  the  following  programs:  Stay-in-School,  Summer  Aides,  Student 
Volunteers,  Special  Volunteers,  Visiting  Program,  and  students  studying  for 
advanced  degrees. 

Most  of  the  biological  media  used  in  the  research  laboratories  is  prepared  in  a 
special  laboratory  by  a  technician. 

The  Graphic  Ans  Department  provides  full  professional  services  necessary  in  the 
laboratories  with  the  exception  of  medical  anisffy. 

The  library  provides  a  full  range  of  services  for  the  RML  staff,  i.e.,  selections 
and  acquisitions,  cataloging,  circulation,  inter-library  loans,  reference  and 
bibliographic  services,  computerized  data  base  searches,  and  preparing  periodicals 
for  binding. 

The  Animal  Unit  raises  guinea  pigs.  25  strains  of  mice,  eight  strains  of  hamsters, 
and  a  colony  of  microtus.  They  are  raising  113,450  animals  for  research  from 
49.566  breeding  stock  (approximate  figures).  An  additional  3,000  animals  arc 
purchased  annually  from  outside  sources,  including  mink,  rabbits,  mice,  and 
hamsters.  After  rearing,  care  is  provided  for  these  animals  while  they  are  under 
cxpcnment.  The  most  recent  survey  indicates  an  average  daily  holding  of  30,251 
small  animals. 

The  Chief  of  the  Branch  is  responsible  for  labor  management  work  and  admin- 
istenng  the  technical  aspects  of  the  contracts  for  Secunty,  Custodial,  operation 
of  the  Boiler  Room  and  the  Glassware  Unit  with  the  respective  private 
contractors.  Secunty  is  provided  by  a  guard  on  duty  every  night  and  all  day  on 
weekends     and     holidays.  Custodial     services     are     provided     in     five     laboratory 

buildings  daily  except  weekends  and  holidays.  Boiler  Room  operation  provides 
heat,  steam,  compressed  air,  vacuum,  and  emergency  power  to  the  entire 
laboratory  complex.  Glassware  is  cleaned  and  stenlized  in  the  Glassware  Unit 
for  reuse  in  the  laboratories. 

The  Maintenance  Dcparmient  provides  repair,  service  and  renovation  work  in 
plumbing,  electrical,  sheet  metal,  carpentry,  air  conditioning,  and  refrigeration, 
including  ultra-low  temperature  boxes.  With  the  exception  of  electronic  work, 
all  maintenance  is  done  by  the  staff  Also  provided  are  demineralized  and 
distilled  water.  A  motor  pool  consisting  of  10  vehicles  is  maintained.  Grounds 
care  including  snow  removal  is  provided. 
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